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ABSTRACT
In this paper we report the first stages of an investigation into the X-ray properties of extragalactic
jets. Our approach is to subject all sources for which X-ray emission has been detected by Chandra to
uniform reduction procedures. Using Chandra archival data for 106 such sources, we measure X-ray
fluxes in three bands and compare these to radio fluxes. We discuss the sample, the reduction methods,
and present first results for the ratio of X-ray to radio flux for jet knots and hotspots. In particular, we
apply statistical tests to various distributions of key observational parameters to evaluate differences
between the different classes of sources. Subsequent papers will deal with various ramifications such
as considerations of how well the observational data fulfill expectations of the different radiation
processes proposed for the knots of FR I radio galaxies and quasars.
Subject headings: Galaxies: active — galaxies: jets — Radio continuum: galaxies — X-rays: galaxies
— Radiation mechanisms: non-thermal — Relativistic processes.
1. INTRODUCTION
Over the past decade, Chandra observations of radio
galaxies (RGs) and quasars (QSRs) have provided crucial
clues to investigate the nature of their extended compo-
nents (e.g., jets and hotspots). Since the Chandra dis-
covery of X-ray emission in the 100 kpc radio jet of PKS
0637-752 (Schwartz et al. 2000), the number of sources
with X-ray detected extended components has increased
from a handful to more than 100. For these radio sources
with extended components detected in the X-ray band,
we compiled their observed parameters, aiming at de-
veloping a classification criterion for these extragalactic
components, independent of their core properties, and
only based on the different radiative processes proposed
to interpret their X-ray emission.
In 1974, Fanaroff and Riley introduced a classifica-
tion scheme for extragalactic radio sources. Investigating
the complete sample of 3C sources (Mackay 1971), they
chose two main classes noting that relative positions of
regions of high and low surface brightness in the extended
regions of extragalactic radio sources are correlated with
their radio luminosities. In particular, they divided these
radio sources into two classes using the ratio RFR of the
distance between the regions of highest surface brightness
on opposite sides of the central galaxy and/or quasar, to
the total extent of the source up to the lowest brightness
contour in the radio map. Sources with RFR ≤ 0.5 were
placed in Class I (i.e., FR I) and sources with RFR ≥ 0.5
in Class II (i.e., FR II). In particular, at radio frequencies,
FR Is show surface brightness higher toward their cores
while FR IIs toward their edges (Fanaroff & Riley 1974).
Fanaroff and Riley found that all sources with lumi-
nosity L178MHz ≤ 2 × 1025 h−2100 W Hz−1 str−1 were clas-
sified as Class I while the brighter sources all were Class
II. This luminosity boundary between them is not very
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sharp, and there is some overlap in the luminosities of
sources classified as FR I or FR II on the basis of their
structures.
Since the original work, the FR scheme remains suc-
cessful in classifying RGs. Extending the FR morpholog-
ical/radio luminosity classification to radio-loud sources
in general, one needs to consider the source orientation
with respect to the observer. Under such ‘unification
schemes’ (Urry & Padovani 1995), all radio-loud QSRs
are posited to be FR II RG’s observed at smaller an-
gles to our line of sight (see also Barthel 1989). Orr &
Browne (1982) introduced a sub-classification for QSRs
distinguishing between core-dominated quasars (CDQ)
and lobe-dominated quasars (LDQ), on the basis of
the ratio between each source’s radio core flux rela-
tive to the extended one (see also Hine & Scheuer 1980;
Hough & Readhead 1989). The most core-dominated
sources have the largest such ratios presumably due
to Doppler boosting of emission from a relativistic jet
aligned most closely to our line of sight. However, this
classification based on core-dominance is not as useful
as the basic FR I/FR II distinction since the determin-
ing parameters are more strongly dependent on the an-
gular resolution and frequency of a particular observa-
tion, nor is there an obvious correlation with radio lu-
minosity or other primary observational parameter (e.g.,
Landt et al. 2006).
The radio to optical emission arising from ex-
tended components of RGs and QSRs is widely
interpreted as synchrotron radiation by rela-
tivistic particles (e.g., Meisenheimer et al. 1989;
Scarpa & Urry 2002; Sambruna et al. 2004), whereas
the origin of X-ray emission in their components (i.e.,
knots in jets and hotspots) is still unclear, but cer-
tainly non-thermal (see Harris & Krawczynski 2002;
Harris & Krawczynski 2006; Worrall 2009). The main
dichotomy lies in which emission mechanism, syn-
chrotron or inverse Compton (IC) scattering, dominates
the X-ray emission of jets and hotspots. The former
describes emission from low power jets, typically in
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FR Is, while the latter provides an explanation for
high power RGs (i.e., FR IIs) and QSRs (see e.g.,
Harris & Krawczynski 2006).
Over the past ten years, we have collected a sam-
ple of RGs and QSRs for which the X-ray emission
associated with their radio jets or hotspots has been
detected by Chandra. The main goal of this en-
deavor (hereinafter XJET project3) (Harris et al. 2010;
Massaro et al. 2010a; Massaro et al. 2011a) is the devel-
opment of a new classification criterion based not only
on the radio morphology and power but also on the X-
ray properties of these extended components. Our goal
is to find criteria to distinguish between knots in jets and
hotspots, both in RGs and QSRs, linked with the radia-
tive process responsible for their X-ray emission. Here,
we present the X-ray data reduction and analysis pro-
cedures together with some basic results. The current
work (Paper I) represents our initial effort, and although
we have not yet developed a new classification scheme
as originally envisaged, we will explore additional lines
of investigation in forthcoming works, such as including
the information at optical frequencies to see if a more
complete SED description will permit us a better differ-
entiation of extragalactic jet components. In particular,
the XJET project guidelines can be summarized as fol-
lows: in Paper II (Massaro et al. 2011b), we develop a
statistical test for the IC/CMB model in QSR jets, while
in Paper III (Massaro et al. 2011c), we plan to introduce
the radio and X-ray emission from the cores as new pa-
rameters that could be used to classify RG and QSR jets
and we will also provide measurements of the upper lim-
its for the undetected X-ray components in our XJET
sample, taking into account the Chandra sensitivity lim-
its. In Paper IV (Harris et al. 2011), we will present
a detailed comparison between the distributions of the
observed parameters and the expectations of both ana-
lytical and numerical calculations for different radiative
scenarios. Finally, the possible extension of the XJET
project to the infrared and optical frequencies is already
in progress.
Throughout, we assume a flat cosmology with H0 =
72 km s−1 Mpc−1, ΩM = 0.26 and ΩΛ = 0.74
(Dunkley et al. 2009) and spectral indices, α, are defined
by flux density, Sν ∝ ν−α. Unless otherwise stated, we
use cgs units.
2. THE XJET SAMPLE
The sample considered for our investigation consists of
106 radio sources with a published Chandra X-ray de-
tection of a radio knot and/or hotspot, for a total of 236
components. The selected sample contains: 22 FR I RGs,
29 FR II RGs, 3 BL Lacs, and 52 QSRs (35 CDQs and
17 LDQs). In AGN unification schemes, QSRs and BL
Lacs are broadly understood as FR IIs and FR Is, respec-
tively, observed at smaller angles with respect to the line
of sight (e.g., Urry & Padovani 1995; Landt et al. 2004).
The 236 components consist of 41 hotspots in FR II
RGs and 21 in QSRs; 58 knots in FR I RGs, 22 in FR II
RGs, 68 in CDQs, 19 in LDQs, and 7 in the BL Lacs. All
these knots and hotspots have been classified on the ba-
sis of the radio morphology of their parent source, adopt-
ing the definition suggested by Leahy et al. (1997) for
3 http://hea-www.harvard.edu/XJET/
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Fig. 1.— An X-ray image of 3C303 with radio contours (1.4 GHz)
overlayed. The X-ray image is for the band 0.5-7 keV and has
been smoothed with a Gaussian of FWHM=0.87′′. Radio contours
start at 2 mJy/beam and increase by factors of 4. Photometric
regions are shown in yellow, with background regions dashed. The
labels are based on the cardinal direction from the nucleus and the
distance in arcsec from the nucleus. Note the northern background
circle for w17 is moved further north than usual so as to avoid the
secondary hotspot. When a region is close to a bright nucleus, we
deploy the background circles so as to lie at the same distance from
the nucleus as the ’on’ region (e.g. w2.8). The logarithmic scale of
the X-ray brightness runs from 0.002 (black) to 0.08 (red) but the
peak intensity is 6.29 counts per pixel. The pixel size in this image
is 0.0615′′. Coordinates are in J2000.0 equinox.
the hotspots, i.e., brightness peaks which are neither the
core nor a part of the jet, usually lying where the jet
terminates, and considering all other discrete brightness
enhancements as jet knots. Here, we did not investigate
the extended radio/X-ray emission arising from lobes –
the typically roughly symmetrical kpc-scale double ra-
dio structures lying on both sides of the host RG and/or
QSR. The identification of BL Lacs have been adopted
accordingly to the ROMA BZCAT classification scheme4
(Massaro et al. 2009a). Finally, we note that due to the
small number of BL Lacs in our sample, and their limited
number of components (i.e., only 7 out of 236), we did
not consider the comparison between them class and the
RGs or the QSRs.
The following conventions for the knots has been
adopted for all the figures:
• FR I RGs = ‘k1’ (filled black squares)
• FR II RGs = ‘k2’ (filled red squares)
• CDQs = ‘kqc’ (filled green squares)
• LDQs = ‘kql’ (filled blue squares)
while we label hotspots as follows:
• FR II RGs = ‘hs2’ (open red circles)
• QSRs = ‘hsq’ (open blue circles)
We also introduce a nomenclature for indicating each
component in every source. The name of each knot or
hotspot is a combination of one letter indicating the ori-
entation of the radio structure and one number indicating
4 http://www.asdc.asi.it/bzcat/
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TABLE 1
The basic parameters of the (00-08 h) sources considered in the XJET sample (see Section 2).
Name Class RA DEC z DL scale NH,Gal Chandra CFS CFM Ref.
(J2000) (J2000) [Mpc] [kpc/”] [1020 cm−2] Obs ID
3C 6.1 FR II 00 16 31.147 +79 16 49.88 0.8404 5297 7.58 15.5 3009 2.35 1.20 H04
3C 9 LDQ 00 20 25.220 +15 40 54.73 2.0120 15777 8.43 3.57 1595 1.22 1.04 1
3C 15 FR I 00 37 04.114 -01 09 08.46 0.0730 321 1.35 2.32 2178 1.14 1.02 2
3C 17 FR II 00 38 20.528 +02 07 40.49 0.2197 1066 3.47 1.99 9292 1.12 1.02 M09
NGC 315 FR I 00 57 48.891 +30 21 08.75 0.0165 70 0.33 5.83 4156 1.38 1.07 3
3C 31 FR I 01 07 24.961 +32 24 45.01 0.0167 71 0.33 5.36 2147 1.34 1.07 4
0106+013 CDQ 01 08 38.771 +01 35 00.31 2.0990 16626 8.39 2.42 9281 1.14 1.02 H11
3C 33 FR II 01 08 52.878 +13 20 14.38 0.0597 260 1.12 3.23 7200 1.20 1.05 5
3C 47 LDQ 01 36 24.423 +20 57 27.40 0.4250 2297 5.48 4.95 2129 1.30 1.06 H04
3C 52 FR II 01 48 28.909 +53 32 28.04 0.2854 1437 4.22 16.8 9296 2.49 1.23 M10
4C +35.03 FR I 02 09 38.553 +35 47 51.04 0.0369 158 0.71 6.16 856 1.40 1.08 W01
PKS 0208-512 CDQ 02 10 46.283 -51 01 02.95 0.9990 6575 7.98 1.84 4813 1.11 1.02 M05
3C 61.1 FR II 02 22 35.571 +86 19 06.38 0.1878 893 3.07 7.87 9297 1.53 1.10 M10
3C 66B FR I 02 23 11.409 +42 59 31.25 0.0215 91 0.42 7.67 828 1.52 1.09 6
3C 83.1 FR I 03 18 15.669 +41 51 27.91 0.0251 107 0.49 13.4 3237 2.11 1.19 7
3C 105 FR II 04 07 16.453 +03 42 25.80 0.0890 396 1.62 11.5 9299 1.88 1.16 M10
PKS 0405-123 CDQ 04 07 48.432 -12 11 36.69 0.5740 3305 6.47 3.48 2131 1.22 1.05 S04
3C 109 FR II 04 13 40.349 +11 12 14.78 0.3056 1556 4.43 15.2 4005 2.30 1.21 H04
PKS 0413-210 CDQ 04 16 04.364 -20 56 27.70 0.8080 5043 7.48 2.49 3110 1.15 1.03 M05
3C 111 FR II 04 18 21.309 +38 01 36.28 0.0485 210 0.93 29.1 9279 4.30 1.40 H11
3C 120 FR I 04 33 11.098 +05 21 15.59 0.0330 141 0.64 10.6 3015 1.78 1.14 8
3C 123 FR II 04 37 04.367 +29 40 13.67 0.2177 1055 3.45 18.0 829 2.62 1.24 9
3C 129 FR I 04 49 09.072 +45 00 39.35 0.0208 88 0.41 59.6 2218 15.56 1.93 10
Pictor A FR II 05 19 49.700 -45 46 44.50 0.0350 150 0.68 3.12 346 1.18 1.03 11
PKS 0521-365 BL 05 22 57.992 -36 27 30.62 0.0550 239 1.04 3.58 846 1.22 1.04 12
0529+075 CDQ 05 32 38.998 +07 32 43.31 1.2540 8745 8.35 17.1 9289 2.54 1.22 H11
PKS 0605-085 CDQ 06 07 59.700 -08 34 49.98 0.8700 5531 7.67 18.3 2132 2.64 1.25 S04
3C 173.1 FR II 07 09 18.187 +74 49 31.91 0.2920 1476 4.29 4.60 3053 1.29 1.06 H04
3C 179 LDQ 07 28 10.901 +67 48 47.70 0.8460 5341 7.60 4.38 2133 1.27 1.06 S02
B2 0738+313 CDQ 07 41 10.703 +31 12 00.23 0.6310 3712 6.77 4.32 377 1.27 1.06 13
3C 189 FR I 07 58 28.109 +37 47 11.79 0.0428 184 0.82 4.68 858 1.29 1.05 W01
Note: ‘CFS’ and ‘CFM ’correspond to the correction factor for the Galactic absorption in the soft and in the medium bands, re-
spectively (see Section 3.3 for more details).
References: H04 (Hardcastle e al. 2004), (1) (Fabian et al. 2003a), (2) (Kataoka et al. 2003b), M09 (Massaro et al. 2009c), (3)
(Worrall et al. 2003), (4) (Hardcastle et al. 2002a), H11 (Hogan et al. 2011), (5) (Kraft et al. 2007), M10 (Massaro et al. 2010b), W01
(Worrall et al. 2001), M05 (Marshall et al. 2005), (6) (Hardcatle et al. 2001b), (7) (Sun et al. 2005), S04 (Sambruna et al. 2004), (8)
(Harris et al. 2004), (9) (Hardcastle et al. 2001a), (10) (Harris et al. 2002), (11) (Wilson et al. 2001), (12) (Birkinshaw et al. 2002), S02
(Sambruna et al. 2002), (13) (Siemiginowska et al. 2003a).
distance from the core in arcsec. The case of 3C 303 is
shown as an example in Figure 1.
All the components identified in our analysis have been
previously discovered as reported in the referenced pa-
pers (see Table 1, 2 and 3) with four exceptions, namely:
n46.4 in 3C 109, n3.5, n5.6 in M 84 and w6.0 in 3C 280,
that we detected because in this work we used Chan-
dra observation with longer exposure than the previous
ones. In Table 1, 2 and 3 we summarize the whole
XJET sample and the main properties of the sources.
We report the name, the source class (e.g., FR I, LDQ
etc.), the radio coordinates adopted for the registration of
the X-ray image (see Section 3 for details), the redshift
(z), and the corresponding scale (kpc/′′) and luminos-
ity distance, DL (Wright 2006)
5, the Galactic absorp-
tion (Kalberla et al. 2005), the Chandra observation ID
in which the radio component is detected in the X-rays,
and the correction factors computed to correct the X-
ray fluxes for the Galactic absorption in the soft and the
medium bands (see Section 3.3). In Figure 2, we show the
5 For the 3 nearby objects (Centaurus A, M 87, M 84), distances
from the literature are adopted in favor of those computed based
on their redshifts.
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Fig. 2.— The redshift distributions for the RGs (upper panel)
and QSRs (lower panel) in the XJET selected sample.
redshift distributions of RGs and QSRs in our selected
sample. We show the plot of the X-ray count rate of each
component vs. the redshift for both knots and hotspots
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TABLE 2
The basic parameters of the (08-16 h) sources considered in the XJET sample (see Section 2).
Name Class RA DEC z DL scale NH,Gal Chandra CFS CFM Ref.
(J2000) (J2000) [Mpc] [kpc/”] [1020 cm−2] Obs ID
0827+243 CDQ 08 30 52.086 +24 10 59.83 0.9390 6085 7.85 2.92 3047 1.17 1.04 14
4C +29.30 FR I 08 40 02.356 +29 49 02.49 0.0640 280 1.20 4.23 2135 1.27 1.05 S04
3C 207 LDQ 08 40 47.589 +13 12 23.59 0.6800 4071 6.99 4.27 2130 1.27 1.05 15
3C 212 LDQ 08 58 41.460 +14 09 44.79 1.0490 6991 8.07 3.79 434 1.23 1.04 16
PKS 0903-573 CDQ 09 04 53.184 -57 35 05.85 0.6950 4183 7.06 27.0 3113 3.99 1.38 M05
3C 219 FR II 09 21 08.620 +45 38 57.40 0.1744 823 2.89 1.35 827 1.08 1.02 17
PKS 0920-397 CDQ 09 22 46.413 -39 59 34.96 0.5910 3425 6.56 17.7 5732 2.58 1.24 M05
3C 227 FR II 09 47 45.140 +07 25 21.07 0.0861 383 1.57 2.11 6824 1.12 1.02 H07
Q 0957+561 LDQ 10 01 20.840 +55 53 49.56 1.4100 10129 8.46 0.93 362 1.05 1.01 18
4C +13.41 LDQ 10 07 26.099 +12 48 56.19 0.2408 1183 3.72 3.56 5606 1.23 1.03 19
PKS 1030-357 CDQ 10 33 07.660 -36 01 56.80 1.4550 10536 8.48 5.97 5730 1.39 1.08 M05
1045-188 CDQ 10 48 06.602 -19 09 35.97 0.5950 3454 6.58 3.38 9280 1.19 1.03 H11
PKS 1046-409 CDQ 10 48 38.275 -41 14 00.15 0.6200 3633 6.71 7.73 3116 1.52 1.09 M05
4C +20.24 LDQ 10 58 17.870 +19 51 50.86 1.1100 7504 8.17 1.69 7795 1.11 1.02 20
3C 254 LDQ 11 14 38.725 +40 37 20.29 0.7340 4476 7.22 1.44 2209 1.09 1.02 D03
PKS 1127-145 CDQ 11 30 07.051 -14 49 27.41 1.1800 8102 8.27 3.39 5708 1.21 1.04 21
PKS 1136-135 LDQ 11 39 10.701 -13 50 43.41 0.5540 3165 6.35 3.31 3973 1.20 1.04 S02
3C 263 LDQ 11 39 57.023 +65 47 49.50 0.6563 3897 6.89 0.90 2126 1.05 1.01 H02
3C 264 FR I 11 45 05.008 +19 36 22.76 0.0217 92 0.43 1.83 4916 1.10 1.01 22
3C 265 FR II 11 45 28.959 +31 33 47.12 0.8110 5067 7.49 1.79 2984 1.11 1.02 23
4C +49.22 CDQ 11 53 24.407 +49 31 06.95 0.3340 1726 4.70 2.07 2139 1.13 1.02 S02
PKS 1202-262 CDQ 12 05 33.180 -26 34 04.00 0.7890 4896 7.42 7.72 4812 1.52 1.09 M05
3C 270 FR I 12 19 23.212 +05 49 31.08 0.0074 31 0.15 1.75 834 1.11 1.02 24
PG 1222+216 CDQ 12 24 54.458 +21 22 46.40 0.4320 2342 5.54 2.09 3049 1.13 1.02 J06
M 84 FR I 12 25 03.729 +12 53 13.20 0.0035 17 0.08 2.99 5908 1.18 1.04 25
3C 273 CDQ 12 29 06.704 +02 03 08.63 0.1583 739 2.67 1.67 4876 1.11 1.02 26
M 87 FR I 12 30 49.423 +12 23 28.05 0.0043 16 0.08 1.94 2707 1.11 1.02 27
PKS 1229-027 CDQ 12 32 00.018 -02 24 04.10 1.0450 6957 8.07 2.13 4841 1.13 1.02 28
3C 275.1 LDQ 12 43 57.676 +16 22 53.40 0.5550 3172 6.36 1.77 2096 1.11 1.02 C03
3C 280 FR II 12 56 57.201 +47 20 19.88 0.9960 6551 7.97 1.24 2210 1.08 1.02 D03
1317+520 CDQ 13 19 46.204 +51 48 05.77 1.0600 7083 8.09 1.32 3050 1.08 1.02 J06
3C 281 LDQ 13 07 53.925 +06 42 13.81 0.6020 3504 6.62 2.19 1593 1.02 1.12 C03
Centaurus A FR I 13 25 27.616 -43 01 08.84 0.0018 3.8 0.02 8.09 8490 1.55 1.10 29
4C +65.15 LDQ 13 25 29.714 +65 15 13.16 1.6250 12096 8.51 1.91 7882 1.11 1.02 30
3C 287.1 FR II 13 32 53.257 +02 00 45.60 0.2156 1043 3.42 1.63 9309 1.11 1.02 M10
Centaurus B FR I 13 46 49.036 -60 24 29.41 0.0130 55 0.26 105.0 3120 68.10 2.89 M05
4C +19.44 CDQ 13 57 04.438 +19 19 07.35 0.7200 4370 7.16 2.49 7302 1.15 1.03 S02
3C 294 FR II 14 06 44.069 +34 11 25.54 1.7860 13608 8.50 1.36 3207 1.09 1.02 31
3C 295 FR II 14 11 20.543 +52 12 09.88 0.4500 2460 5.67 1.34 2254 1.08 1.02 32
3C 296 FR I 14 16 52.953 +10 48 26.76 0.0237 101 0.47 1.92 3968 1.12 1.02 33
PKS 1421-490 LDQ 14 24 31.925 -49 13 54.77 0.6620 3939 6.91 15.7 5729 2.37 1.23 34
3C 303 FR I 14 43 02.777 +52 01 37.33 0.1410 651 2.42 1.71 1623 1.10 1.02 35
1508+572 CDQ 15 10 02.900 +57 02 44.00 4.3000 39725 6.86 1.57 2241 1.10 1.02 36
PKS 1510-089 CDQ 15 12 50.536 -09 05 59.73 0.3610 1892 4.95 6.89 2141 1.46 1.08 S04
3C 321 FR II 15 31 43.474 +24 04 19.02 0.0960 430 1.73 3.82 3138 1.24 1.04 H04
Note: ‘CFS’ and ‘CFM ’correspond to the correction factor for the Galactic absorption in the soft and in the medium bands, re-
spectively (see Section 3.3 for more details).
References: (14) (Jorstad & Marscher 2004), S04 (Sambruna et al. 2004), (15) (Brunetti et al. 2002), (16) (Aldcroft et al. 2003),
M10 (Massaro et al. 2010b), M05 (Marshall et al. 2005), (17) (Comastri et al. 2003), H07 (Hardcastle et al. 2007), (18)
(Chartas et al. 2002), (19) (Miller et al. 2006), H11 (Hogan et al. 2011), (20) (Schwartz et al. 2006), D03 (Donahue et al. 2003),
(21) (Siemiginowska et al. 2002), S02 (Sambruna et al. 2002), H02 (Hardcastle et al. 2002b), (22) (Perlman et al. 2010b),
(23) (Bondi et al. 2004), (24) (Chiaberge et al. 2003), J06 (Jorstad & Marscher 2006), (25) (Finoguenov et al. 2008),
(26) (Marshall et al. 2001), (27) (Marshall et al. 2002), (28) (Tavecchio et al. 2007), C03 (Crawford & Fabian 2003), (29)
(Kraft et al. 2000), (30) (Miller & Brandt 2009), (31) (Fabian et al. 2003b), (32) (Harris et al. 2000), (33) (Hardcastle et al. 2005a),
(34) (Gelbord et al. 2005), (35) (Kataoka et al. 2003a), (36) (Siemiginowska et al. 2003b), H04 (Hardcastle e al. 2004), S04
(Sambruna et al. 2004).
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TABLE 3
The basic parameters of the (16-24 h) sources considered in the XJET sample (see Section 2).
Name Class RA DEC z DL scale NH,Gal Chandra CFS CFM Ref.
(J2000) (J2000) [Mpc] [kpc/”] [1020 cm−2] Obs ID
3C 327 FR II 16 02 27.370 +01 57 56.24 0.1039 468 1.86 5.92 6841 1.38 1.06 H07
4C +00.58 FR I 16 06 12.687 +00 00 27.22 0.0590 257 1.11 7.14 10304 1.46 1.09 37
3C 330 FR II 16 09 34.930 +65 56 37.78 0.5500 3137 6.33 2.66 2127 1.16 1.03 H02
NGC 6251 FR I 16 32 31.981 +82 32 16.34 0.0249 106 0.49 5.57 4130 1.35 1.07 38
1642+690 CDQ 16 42 07.866 +68 56 39.75 0.7510 4605 7.28 5.15 2142 1.32 1.07 S04
3C 345 CDQ 16 42 58.810 +39 48 37.00 0.5940 3447 6.58 1.14 2143 1.08 1.02 S04
3C 346 FR I 16 43 48.613 +17 15 49.54 0.1610 753 2.71 5.07 3129 1.32 1.06 39
3C 349 FR II 16 59 28.893 +47 02 55.04 0.2050 986 3.29 1.88 9316 1.11 1.02 M10
3C 351 LDQ 17 04 41.417 +60 44 30.65 0.3720 1960 5.05 2.02 2128 1.12 1.02 H02
3C 353 FR II 17 20 28.168 -00 58 46.52 0.0304 130 0.59 9.37 7886 1.67 1.12 40
4C +62.29 LDQ 17 46 14.033 +62 26 54.77 3.8890 35233 7.15 3.09 4158 1.19 1.05 41
1800+440 CDQ 18 01 32.315 +44 04 21.83 0.6630 3946 6.92 3.14 9286 1.18 1.03 H11
3C 371 BL 18 06 50.671 +69 49 28.06 0.0510 221 0.97 4.16 2959 1.26 1.05 42
3C 380 CDQ 18 29 31.781 +48 44 46.17 0.6920 4160 7.05 5.78 3124 1.37 1.08 M05
3C 390.3 FR II 18 42 08.981 +79 46 17.21 0.0561 244 1.06 3.47 830 1.21 1.05 H07
1849+670 CDQ 18 49 16.072 +67 05 41.68 0.6570 3902 6.89 5.00 9291 1.31 1.05 H11
4C +73.18 CDQ 19 27 48.495 +73 58 01.57 0.3020 1535 4.39 7.15 2145 1.47 1.09 S04
3C 403 FR II 19 52 15.796 +02 30 24.39 0.0590 257 1.11 12.2 2968 1.96 1.17 43
Cygnus A FR II 19 59 28.358 +40 44 02.09 0.0560 244 1.06 27.2 360 3.99 1.37 44
2007+777 BL 20 05 30.965 +77 52 43.21 0.3420 1775 4.78 8.35 5709 1.56 1.10 45
PKS 2101-490 CDQ 21 05 01.158 -48 48 46.52 0.0630 275 1.18 2.91 5731 1.18 1.04 M05
PKS 2153-69 FR II 21 57 06.035 -69 41 24.09 0.0283 121 0.55 2.64 1627 1.16 1.04 46
2155-152 CDQ 21 58 06.282 -15 01 09.32 0.6720 4012 6.96 3.59 9284 1.21 1.03 H11
PKS 2201+044 CDQ 22 04 17.630 +04 40 02.00 0.0270 115 0.53 4.35 2960 1.26 1.05 47
2209+080 CDQ 22 12 01.599 +08 19 16.44 0.4850 2692 5.92 5.58 3051 1.35 1.07 J06
2216-038 CDQ 22 18 52.038 -03 35 36.89 0.9010 5778 7.75 5.41 9285 1.34 1.06 H11
3C 445 FR II 22 23 49.548 -02 06 13.22 0.0562 244 1.06 4.49 7869 1.26 1.04 48
3C 452 FR II 22 45 48.771 +39 41 15.86 0.0811 359 1.49 9.64 2195 1.68 1.12 H04
3C 454.3 CDQ 22 53 57.748 +16 08 53.56 0.8590 5444 7.64 6.63 4843 1.44 1.08 M05
3C 465 FR I 23 38 29.383 +27 01 53.27 0.0293 125 0.57 4.82 4816 1.30 1.05 49
Note: ‘CFS’ and ‘CFM ’correspond to the correction factor for the Galactic absorption in the soft and in the medium bands, re-
spectively (see Section 3.3 for more details).
References: H07 (Hardcastle et al. 2007), (37) (Hodges-Kluck et al. 2010), H02 (Hardcastle et al. 2002b), (38) (Evans et al. 2005), S04
(Sambruna et al. 2004), M10 (Massaro et al. 2010b), (39) (Worrall et al. 2005), (40) (Kataoka et al. 2008), (41) (Cheung et al. 2006),
H11 (Hogan et al. 2011), (42) (Pesce et al. 2001), M05 (Marshall et al. 2005), H07 (Hardcastle et al. 2007), (43) (Kraft et al. 2005), (44)
(Wilson et al. 2000), (45) (Sambruna et al. 2008), (46) (Ly et al. 2005), (47) (Sambruna et al. 2007), (48) (Perlman et al. 2010a), H04
(Hardcastle e al. 2004), (49) (Hardcastle et al. 2005b).
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Fig. 3.— The X-ray count rate of knots in RGs and QSRs with
respect to the redshift.
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Fig. 4.— The X-ray count rate of hotspots in both RGs and
QSRs with respect to the redshift.
in Figure 3 and Figure 4, respectively and the distribu-
tion of the X-ray count rate for the whole XJET sample
in Figure 5. In detail, the distribution of the count rate
for the whole XJET sample has an average count rate
of 5.5×10−4 ± 7.4×10−6 s−1 with a variance 3.9×10−6
s−1, corresponding to about 0.5 counts in 1 ksec similar
to the peak of the X-ray count rate distribution, that is
∼ 1 count per 1 ks of exposure (see Figure 5). Note that
the individual X-ray count rate distributions for the dif-
ferent components are reported in Figure 32 of Appendix
A. The majority (∼3/4) of the exposures are ∼5-50 ksec
in length with longer exposures up to 100-150 ksec for a
handful of objects. The apparent lack of dependence of
count rate on redshift is most likely caused by the limited
sensitivity of most Chandra observations. For example,
there are presumably large numbers of FRI jet knots at
z¿0.1 with count rates less than 10−4 counts/sec.
3. X-RAY DATA REDUCTION AND ANALYSIS
The Chandra data reduction has been performed fol-
lowing the standard reduction procedure described in the
Chandra Interactive Analysis of Observations (CIAO)
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log (counts/sec)
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XJET sample: count rate distribution
Fig. 5.— The count rate distribution for whole sample of XJET
components detected in the X-rays.
threads 6, using CIAO v4.2 and the Chandra Calibra-
tion Database (CALDB) version 4.2.2. All the data re-
duction and the data analysis procedures described in
the following sections were adopted previously in our
studies of 3C 305 (Massaro et al. 2009b) and 3C 17
(Massaro et al. 2009c), and for the ongoing Chandra 3C
snapshot survey (Massaro et al. 2010b).
Specifically, level 2 event files were generated using the
acis process events task, after removing the hot pixels
with acis run hotpix. Events were filtered for grades 0,
2, 3, 4, 6 and we removed pixel randomization.
Light curves for every dataset were extracted and
checked for high background intervals that have been ex-
cluded if the background count rate was found high over
the whole back illuminated chip in the 7 – 10 keV energy
range accordingly to the CIAO threads7.
Astrometric registration was achieved by chang-
ing the appropriate keywords (RA NOM, DEC NOM,
TCRVL11, TCRVL12) in the fits header so as to align
the nuclear X-ray position with that of the radio (i.e.,
the world coordinate system (WCS) of the X-ray image
was shifted so it would be the same as the radio image).
3.1. Fluxmaps
Following the standard reduction, we created fluxmaps
in 3 defined bands (soft, medium, and hard, in the ranges
0.5 – 1, 1 – 2, and 2 – 7 keV, respectively) by dividing the
data with monochromatic exposure maps (with nominal
energies of soft=0.8 keV, medium=1.4 keV, and hard=4
keV). The exposure maps and the flux maps were regrid-
ded to a common pixel size which was usually 1/4 the size
of a native ACIS pixel (native=0.492′′). For sources of
large angular extent we used 1/2 or no regridding. To ob-
tain maps with brightness units of ergs cm−2 s−1 pixel−1,
we multiplied each event by the nominal energy of its re-
spective band.
3.2. Photometry
X-ray detected components were identified via visual
inspection of the fluxmaps, referring to the detections
6 http://cxc.harvard.edu/ciao/guides/index.html
7 http://cxc.harvard.edu/ciao/threads/filter ltcrv/
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Fig. 6.— The correction factor, CF , estimated for the soft and
the medium band, assuming an X-ray spectral index αX = 1, as
a function of different values of the Galactic column density NH.
Our method used to derive the correction factor for the soft band
is illustrated (see Section 3.3 for details).
published in the original references. To measure observed
X-ray fluxes, we construct appropriate regions (usually
circular) as well as two adjacent background regions of
the same size (see e.g., Figure 1). The shape and the
sizes of regions selected for our flux measurements are
reported in Appendix A together with the radio and the
X-ray fluxes for each component.
The net X-ray flux in each region for each band were
measured using funtools8. After applying a small cor-
rection which is the ratio of the mean energy of the events
within the ’on’ aperture to the nominal energy applied
earlier to all events, a 1σ error is assigned based on the
usual Poisson statistic
√
number− of − counts in the on
and background regions.
3.3. Absorption corrections
To estimate the factors required to correct the observed
X-ray fluxes for Galactic absorption we adopted the fol-
lowing method. We chose an arbitrary value of the in-
trinsic flux (Fint) in each band (i.e., soft, medium, hard)
and we computed the ratio between Fint and the ab-
sorbed flux Fabs for different values of NH,Gal using the
WEBPIMMS tool9. We considered NH,Gal in the range
between 1020 cm−2 and 1022 cm−2, as for the sources in
our sample (see Table 1, Table 2 and Tabel 3). We re-
peated this procedure for three representative values of
the X-ray spectral index, αX = 0.5, 1.0 and 1.5.
In Figure 6, we show the plot of the correction factor,
Fint/Fabs vs. NH,Gal for the soft (0.5 – 1 keV) and the
medium (1.0 – 2.0 keV) bands evaluated assuming αX =
1. For each source in Table 1, Table 2 and in Table 3,
this ratio (again, for αX = 1) appears in the column
‘CFS’ and ‘CFM’ for the X-ray soft and the medium
band, respectively. For the range of NH,Gal considered,
we found < 7% difference in the corrections assuming
αX = 0.5 and 1.5. In addition, for our choice of the hard
band (i.e., 2 – 7 keV), we found that the correction factor
8 http://www.cfa.harvard.edu/∼john/funtools
9 http://heasarc.nasa.gov/Tools/w3pimms.html
for NH,Gal ≤ 1022 cm−2 is always less than 1% different
from unity for all three choices of the spectral index (αX
= 0.5, 1.0, and 1.5). Thus the only significant corrections
occur for the soft and the medium bands.
The X-ray fluxes reported (i.e., absorbed) in Appendix
A are those measured for each component while those
corrected for Galactic absorption were used in calculating
the X-ray to radio flux ratios (see Section 4) and the X-
ray hardness ratios (see section 5).
4. FLUX RATIOS
We developed one initial parameter to begin the inves-
tigation of the selected knots and hotspots. Using ra-
dio maps available in the public archives (e.g., NVAS10,
NED11, and MERLIN12) or kindly provided by our col-
leagues, we measured the radio fluxes and computed
νR × Sν(νR) where the radio frequency of the maps
used were, νR = 1.4, 5, or 8 GHz. We then calculated
the X-ray-to-radio flux ratio (ρ)
ρ =
F0.5−7keV
νR S(νR)
, (1)
where the X-ray fluxes (0.5 – 7 keV) are the totals from
the three band fluxmaps corrected for Galactic absorp-
tion (see Section 3.3 for details). Observationally, this
flux ratio is, to first order, independent of the redshift
and it also is the same as the luminosity ratio, that here-
inafter will be simply referred to as the ratio. All the
main results derived from our analysis are reported in
the Section 7.
We also note that for the X-ray to radio flux
ratios, we utilized the integrated 0.5–7 keV X-ray
fluxes (i.e., F0.5−7keV ) whereas in other works, the
monochromatic (ν Sν) fluxes at both X-rays and radio
are used (e.g. Cheung 2004; Kataoka & Stawarz 2005;
Marshall et al. 2011). For the range of considered X-ray
spectral indices, αX = 0.5 − 1.5, these monochromatic
X-ray fluxes scale as: ν Sν (1 keV) = (0.26 – 0.48) ×
F0.5−7keV . Consequently the intrinsic dispersion in αX
cannot be responsible for the observed dispersion of the
ratios ρ (see Section 7).
Finally, we show the relation between our ratios ρ and
the conventional radio-to-X-ray spectral index αrx. As
is well known, a slope of -1 in a power-law radiation
spectrum (i.e. Sν = k ν
−1, with k the normalization)
leads to equal energy per decade. However, since we
have defined the ratio of X-ray flux to radio flux to be
the measured flux in the 0.5 to 7 keV band divided by
νR S(νR) (i.e. an approximation to a radio flux), a value
of ρ = 1 does not correspond to αrx=1. The actual
relation is:
ρ = ν
(αrx−1)
R ·
∫ ν2
ν1
ν−αrx dν , (2)
where νr is the observed radio frequency (Hz) and the
integral is taken over the band from ν1 = 1.21 × 1017
to ν2 = 1.69 × 1018 Hz. In Figure 7 we show the above
relationship (i.e., Equation 2) for the three radio bands
we have used in this work, namely: 1.5, 5, and 8 GHz.
10 http://www.aoc.nrao.edu/∼vlbacald/
11 http://nedwww.ipac.caltech.edu/
12 http://www.jb.man.ac.uk/cgi-bin/merlin retrieve.pl
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Fig. 7.— The relation between the luminosity ratios, ρ (see Equa-
tion 1) and the conventional radio-to-X-ray spectral index αrx es-
timated for three different radio frequencies (see Section 4 for more
details).
Because most of our measured values of ρ fall between
0.01 and 100, it is fairly obvious that our total range can
be described by a range of αrx from 0.7 to 1.3. Since
we have not included radio knots which are not detected
at X-rays, there will be larger values of αrx than 1.3.
However, jet components with αrx significantly less than
0.7 have yet to be found.
Finally, we note that we did not apply any K-correction
to our fluxes in order to estimate the luminosities in both
the radio and the X-ray bands. Given the redshift distri-
bution of our XJET sample, with only one exception, the
highest value of z is ∼ 2; consequently, for values of the
spectral slope α between 0.5 and 1.5, the K-correction
ranges between 0.58 and 1.73 and it does not affect our
results, because it cannot be responsible for the large
scatter of the observed luminosities and/or ratios (see
Section 7). In particular, for the value α = 1, used for
the X-ray band to estimate the absorption correction fac-
tors (see Section 3.3), no K-correction is needed (e.g.,
Hogg 2000; Hogg et al. 2002).
5. X-RAY HARDNESS RATIOS
We also evaluated the X-ray hardness ratios (HRs) us-
ing the hard (H), medium (M), and soft (S) X-ray fluxes
corrected for the Galactic absorption, with the following
relations:
HR1 =
H −M
H +M
, HR2 =
H − S
H + S
, HR3 =
M − S
M + S
. (3)
We note that because HRs are defined using X-ray fluxes,
there is a relationship between the X-ray spectral index
(αX) and HRs for any given selection of energy bands
(e.g., Figure 8). In this way, the X-ray HRs serve as a
reasonable surrogate for the αX of these extended com-
ponents because the short exposures of the available X-
ray observations combined with their low intrinsic flux
(i.e., ∼10−15 erg s−1 cm−2) do not allow us to estimate
values of αX with the usual spectral tools (e.g. Sherpa,
XSPEC etc.) for the whole sample. However, as the cur-
rent HR values do not provide robust constraints on αX,
this conclusion should be revisited over a wide sample
of source when deep X-ray observations will be available
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Fig. 8.— The relation between the hardness ratios, HR1 (upper
panel), HR2 (middle panel) and HR3 (lower panel), defined by
Equation (3) and the X-ray spectral slope αX.
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Fig. 9.— The ratios vs the hardness ratios HR3 (see Equation 3)
for knots. We only considered those components for which the error
on the HR3 is lower than 0.2. The red dashed line corresponds to
αX = 1 (see Figure 8 for more details).
that will further limit the error on the HRs, also involv-
ing the Bayesian analysis (Park et al. 2006). In Figure 9
and Figure 10 we report the ratios with respect to the
hardness ratios HR3 only for those sources for which the
error on HR3 is lower than 0.2, no significant trend is
evident.
We compare all the values of ρ and HRs dividing the
knots and the hotspots of our sources in 6 categories as
defined in Section 2. We did not find any significant
difference in the distributions of the HRs between RGs
and QSRs.
Finally, we note that given the small number of BL
Lacs in our sample, and the limited number of their com-
ponents (i.e., only 7 out of 236), we did not consider the
comparison between this class of object and the RGs or
the QSRs not only regarding the HRs but also with re-
spect to the other parameters.
6. THE KS TEST AND THE MONTE CARLO SIMULATIONS
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Fig. 10.— The ratios vs the hardness ratios HR3 (see Equa-
tion 3) for hotspots. We only considered those components for
which the error on the HR3 is lower than 0.2. The red dashed line
corresponds to αX = 1 (see Figure 8 for more details).
To search for possible differences or similarities be-
tween knots and hotspots both in RGs and QSRs, we
compared the distributions of the observed parameters
such as the luminosities (both LR and LX), their ratios
(ρ), and their HRs as defined in Equation 3.
To perform our analysis, we adopted a Kolmogorov-
Smirnov (KS) test, measuring the distance DKS between
the normalized cumulative distributions of parameters
for two different samples of components and estimating
the associated probability to test our hypothesis. How-
ever, because our selected sample is not statistically com-
plete, our analysis could be affected by some biases. Con-
sequently, it is possible to measure a large value of DKS
between two selected cumulative distributions, suggest-
ing that they are different, simply because of the lack of
sources in a particular bin of our histograms. This could
strongly affect our analysis and our results. To check the
significance of results provided by the KS test, we de-
veloped a Monte Carlo method to take into account this
effect and to estimate its relevance.
We illustrate this method for the simple case to test
if the distributions of radio luminosities LR in RGs and
QSRs are similar or different (see Figure 11).
First, we performed the KS test and we measured the
DKS in the LR normalized cumulative distributions. Sec-
ond, we randomly simulate the two distributions of LR
for both cases of hotspots in RGs and QSRs, with the
same number of components (i.e., 41 hs2 and 21 hsq).
We adopted two different shapes for the simulated dis-
tributions, the log-uniform and the log-normal. The for-
mer having simply the same maximum and minimum
value of the observed distribution while the latter with
the same variance, the same median of the observed dis-
tribution and spanning the same range of luminosities
(see Table 4). Then, we measured the DKS,simul variable
between the two simulated distributions.
We repeated the simulation 8000 times and we built
the distribution of the DKS,simul distance (see Figure 12,
for the case of the log-uniform distribution). Finally,
we estimated the probability to obtain, randomly, the
observedDKS, and this provides us the level of confidence
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Fig. 11.— Left panel) The LR distributions for the hotspots
in the FR II RGs (dashed red lines) and LDQs (blue solid line).
Right panel) The normalized cumulative distributions of the radio
luminosities for the hotspots in FR IIs and in LDQs.
of our KS test (see Figure 12, lower panel).
The levels of confidence (i.e., probabilities) derived
from Monte Carlo simulations performed to generate the
two hotspot distributions of LR, run adopting both the
log-uniform and log-normal function are reported in Ta-
ble 5 and Table 6 for the two different cases. Adopting
the log-uniform function for the simulated distributions
in the case of the ratio comparison, because these de-
pend only by the maximum and the minimum value of
ρ, that is roughly the same for all components does not
provide a meaningful and significative check of the KS
test. Thus, we do not report the P (DKS)
u for the ratio
comparison. This problem does not occur in the case
of the log-normal distribution because it is described by
more parameters than the log-uniform.
In both Tables 5 and 6, Col. (1) and Col. (2) show the
two components compared. Col. (3) reports the observed
parameter and Col. (4) the KS variable DKS measured of
the observed distributions. Col.(5) show the probability
of the Monte Carlo simulations assuming a log-uniform
distribution (i.e., P (DKS)
u) while that of a log-normal is
reported in Col. (6) (i.e., P (DKS)
g).
Finally, we note that, unfortunately, due to the short
exposures of X-ray observations for the majority of the
selected sources, a statistical analysis of their HRs cannot
be performed. Consequently, no firm conclusions can be
obtained from our investigation on the average spectral
behavior of different source classes and no results are
reported in the following sections. The errors on the
single source HRs are too large to allow a statistically
significant comparison between their distributions.
7. RESULTS
The average properties (i.e., max, min values, median
and variance of LR, LX and ρ) for all the class com-
ponents are reported in Table 4, while the level of con-
fidences derived from our Monte Carlo simulations are
shown in Table 5 and 6 as described in Section 6. Here,
we discuss the main observational results derived from
our investigation.
When comparing the radio and the X-ray luminosi-
ties possible biases could arise from the the different red-
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Fig. 12.— Upper panel) The DKS between the two cumulative
normalized LR distributions of hotspots in FR IIs and LDQs simu-
lated via the Monte Carlo method as described in Section 6. Lower
panel) The probability to obtain randomly the observed DKS as-
suming a log-uniform shape for the simulated LR hotspots distri-
butions (see Section 6 for more details).
shift distributions of RGs and QSRs. For example, QSRs
could appear more luminous than FR Is simply because
they lie at higher redshift, where the low luminosity RGs
would be too faint for detection. However, this will not
affect the comparison of the ratios. The ratios could be
affected by biases of the incompleteness of our source
sample, but this problem have been addressed by using
the MonteCarlo simulations (see Section 6). Finally, we
note that to make the redshift distribution more uniform
future Chandra observations of both QSRs and RGs have
been proposed.
7.1. Hotspots
The components that can be morphologically classified
as hotspots are only present in FR IIs (hs2) and in QSRs
(hsq). We compared the distributions of their radio and
X-ray luminosity (i.e., LR, LX) and also of their ratios
(i.e., ρ) (see Figure 17 in Appendix A).
We found that hotspots in FR IIs and in LDQs do not
show significant differences in the distributions of LR and
LX, and they appear to have also similar ρ distribution.
We also note that the hs2 are the only components for
which the average value of ρ is lower than one (see Ta-
ble 4). In Figure 13 we show the ratios vs both LR and
LX for the hotspots. There is a marginal trend between
ρ and LR where hotspots in both RGs and QSRs, with
high values of ρ have typically low values of LR, in agree-
ment with the results found in Hardcastle et al. (2004).
However, because the two variables ρ and LR are not
independent the estimate of their correlation coefficient
will not be statistically meaningful. In Figure 14 we re-
port the ρ values as a function of the projected distance,
where no clear trend has been found.
7.2. Knots
First, we compared knots between RGs (i.e., FR Is vs
FR IIs) and between QSR classes (CDQs vs LDQs), then
we considered also the comparison between RGs and
QSRs.
1.) k1 vs k2. Knots in FR Is are less powerful in LR
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Fig. 13.— The behavior of ratios measured for the hotspots in
FR IIs (hs2) and in QSRs (hsq) with respect to the radio luminosity
LR (left panel) and the X-ray luminosity LX (right panel).
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Fig. 14.— The ratios measured for the hotspots in FR IIs (hs2)
and in QSRs (hsq) as function of the projected distance from the
core in kpc.
than knots in FR IIs (see Figure 18 in Appendix A).
There is no significant difference in LX and ρ between
k1 and k2 components even if the probability given from
our Monte Carlo method is not very high, as reported in
Table 5. However, the FR II LR distribution is not well
sampled as is the case for FR Is, that has about 3 times
the number of components with respect to the former,
requiring a deeper investigation to confirm these results.
2.) kqc vs kql. The situation of QSR knots is very
different with respect to that of RGs (see Figure 19 in
Appendix A). We did not find any difference between
knots in CDQs and LDQs. All their distributions of LR,
LX and ρ are identical, within the level of confidence
provided by the Monte Carlo simulations (see Table 5).
3.) k1 vs kq. Comparing the FR I with the CDQ knots
we found that: k1 components are systematically dif-
ferent in LR and LX distributions than kqc components
with a high level of confidence (see Table 5). CDQ knots
appear to be systematically brighter than FR I knots in
both the radio and the X-ray band. On the other hand,
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TABLE 4
The average properties of the extended components.
Class Num. logLR,min logLR,max < log LR > logLX,min logLX,max < log LX > < log ρ >
erg s−1 erg s−1 erg s−1 erg s−1 erg s−1 erg s−1
FR I ks (k1) 58 36.9 41.7 38.82(1.05) 37.0 42.1 40.04(0.24) +1.13(0.26)
FR II ks (k2) 22 38.9 43.3 40.05(1.80) 39.1 42.5 41.18(0.81) +0.58(0.79)
CDQ ks (kqc) 68 39.3 44.3 41.11(0.97) 40.4 45.2 43.20(0.75) +1.73(0.48)
LDQ ks (kql) 19 40.3 44.4 42.67(1.28) 41.4 45.2 43.64(0.65) +1.15(0.33)
FR II hs (hs2) 41 39.9 44.4 42.17(1.69) 40.0 43.2 41.99(0.19) -0.11(0.79)
QSR hs (hsq) 21 40.5 43.9 42.86(0.99) 40.6 44.3 43.70(0.53) +0.24(0.61)
Note: for each average parameter we also report the variance of its distribution in parenthesis.
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Fig. 15.— The behavior of ratios measured for the knots in RGs
and in QSRs with respect to the radio luminosity LR (left panel)
and the X-ray luminosity LX (right panel).
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Fig. 16.— The ratios measured for the hotspots in RGs and in
QSRs as function of the projected distance from the core in kpc.
their ratio distributions are similar (see Figure 20, Fig-
ure 21 in Appendix A). The same behavior has been
found comparing knots in FR Is and in LDQs, where they
appear to be significantly different and brighter in both
the LR and LX distributions but having similar ratios.
4.) k2 vs kq. The comparison between knots in FR IIs
and QSR is the same for both classes (i.e., CDQ and
LDQ) (see Figure 23, Figure 22 in Appendix A). The
TABLE 5
The KS test and the results of the Monte Carlo method
(see Section 6) performed to compare the RG and QSR
parameter distributions of knots and hotspots,
separately.
Type 1 Type 2 Param. DKS P (DKS)
u P (DKS)
g
hs2 hsq logLR 0.32 0.03 0.35
hs2 hsq logLX 0.57 0.00 0.33
hs2 hsq log ρ 0.17 — 0.55
k1 k2 logLR 0.25 0.04 0.05
k1 kqc logLR 0.82 0.00 0.00
k1 kql logLR 0.83 0.00 0.00
k2 kqc logLR 0.60 0.00 0.00
k2 kql logLR 0.70 0.00 0.00
kqc kql logLR 0.22 0.07 0.68
k1 k2 logLX 0.14 0.24 0.68
k1 kqc logLX 0.88 0.00 0.00
k1 kql logLX 0.91 0.00 0.00
k2 kqc logLX 0.86 0.00 0.00
k2 kql logLX 0.95 0.00 0.00
kqc kql logLX 0.03 0.82 0.94
k1 k2 log ρ 0.08 — 0.73
k1 kqc log ρ 0.04 — 0.88
k1 kql log ρ 0.11 — 0.71
k2 kqc log ρ 0.11 — 0.66
k2 kql log ρ 0.05 — 0.75
kqc kql log ρ 0.14 — 0.43
k2 components show similar ρ distributions, while they
appear to be significantly fainter than kq components in
both LX and LR distributions even if with a small dif-
ference in the probability provided by the Monte Carlo
method (see Table 5). In Figure 15 we show the ratios
vs both the LR and LX luminosities for the knots, while
in Figure 16 we report the ρ values as a function of the
projected distance, in both cases no clear trend or corre-
lation has been found between the observed parameters.
Finally, we note the presence of a few red filled squares
with ρ < 1, shown in both Figure 15 and Figure 16,
these k2 components belong to three different FR II RGs,
as the case of 3C 353, that with z = 0.0304 is also the
second closest FR II RG in our sample (the closest is
PKS2153-69 at z = 0.0283).
These k2 components have been detected because the
exposures of these source observations are the longest
among the whole FR II RGs, a crucial test to verify if
other k2 knots show similar values of ratios could be
provided by deeper observations of radio sources in the
same class. These ‘low ratio’ knots in these FR II RGs
represent a clear example of a bias that could appear in
the KS test. In fact, they can make the k2 ratio distribu-
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tion different from the real one, because the number of
components in FR IIs is lower with respect to the other
classes (i.e., 20), resulting in a large value of the DKS
variable (see Table 5).
However, our Monte Carlo method developed to take
into account this problem, shows that the differences in
ρ between k2 and other knots are marginal. A better in-
vestigation of the k2 ratio distribution might be possible
in the future if/when deeper Chandra observations will
be performed.
7.3. Hotspots vs Knots
We compared hotspots and knots in RGs and QSRs
and between them.
1.) k1 vs hs2. We found that hs2 components are
different in LR and ρ with respect to k1 ones, being less
bright at radio frequencies, while their LX distribution is
roughly similar (see Figure 24).
2.) k2 vs hs2. No signifcant differences have been found
in both the LX distributions comparing hotspots and
knots of FR II RGs (see Figure 25), while their LR and
ρ distributions appear different as for k1 components.
3.) kq vs hs2. Comparing hotspots in RGs (hs2) with
knots in QSR (i.e., both kqc and kql), we found no sig-
nificant differences in their LR distribution while they
appear to be extremely different in the LX distributions,
where kq components are brighter than hs2 ones. Con-
sequently also their ρ distributions are significantly dif-
ferent (see Figure 26 and Figure 27).
4.) k1 vs hsq. Knots in FR Is appear very different
in LR, LX and ρ distributions with respect to hotspots
in QSRs (see Figure 28). FR I knots are systematically
fainter than hsq components at radio and X-ray frequen-
cies.
5.) k2 vs hsq. In the case of FR II knots (i.e., k2),
the situation is similar to that of k1 components in com-
parison with hsq. Even if k2 are different in LR and in
LX with respect to hsq, their ρ distribution appear to be
similar (see Figure 29) within our level of confidence (see
Table 6). However, we note that this comparison regards
the two classes with the smallest number of components,
that could be more affected by statistical biases. Thus
to confirm this result an investigation on a larger sample
than the one considered is necessary.
6.) kqc vs hsq. The behavior of hotspots vs knots in
QSRs appear to be different from that in RGs. We did
not find any significant difference between hsq and kqc
components in their LR and LX distributions, there is
only a significant difference in their ρ distribution (see
Figure 30). In addition, kqc components have ρ values
systematically higher than 1, while the average ρ of hsq
is closer to zero (see Table 4).
7.) kql vs hsq. Also the LR and LX distributions of hsq
and kql components are similar within the probabilities
as indicated by our statistical analysis, while a marginal
difference has been found in the ρ distribution (see Fig-
ure 31), less significant than that found between kqc and
hsq components, because of the smaller number of knots
considered.
Finally, we note that the most statistically significant
differences we found regard the comparison between all
the parameter distributions of knots in RGs and hotspots
in QSRs. Both the kqc and kql components are signifi-
cantly different in all the LR, LX, ρ distributions, with
TABLE 6
The KS test and the results of the Monte Carlo method
(see Section 6) performed to compare the parameter
distributions between knots and hotspots.
Type 1 Type 2 Param. DKS P (DKS)
u P (DKS)
g
k1 hs2 logLR 0.78 0.00 0.00
k2 hs2 logLR 0.55 0.00 0.00
k1 hs2 logLX 0.60 0.00 0.06
k2 hs2 logLX 0.21 0.10 0.64
k1 hs2 log ρ 0.74 — 0.00
k2 hs2 log ρ 0.66 — 0.00
kqc hs2 logLR 0.16 0.16 0.54
kql hs2 logLR 0.20 0.14 0.51
kqc hs2 logLX 0.59 0.00 0.06
kql hs2 logLX 0.68 0.00 0.00
kqc hs2 log ρ 0.77 — 0.00
kql hs2 log ρ 0.62 — 0.00
k1 hsq logLR 0.84 0.00 0.00
k2 hsq logLR 0.73 0.00 0.00
k1 hsq logLX 0.83 0.00 0.00
k2 hsq logLX 0.64 0.00 0.00
k1 hsq log ρ 0.42 — 0.04
k2 hsq log ρ 0.38 — 0.36
kqc hsq logLR 0.38 0.00 0.10
kql hsq logLR 0.19 0.23 0.35
kqc hsq logLX 0.12 0.31 0.51
kql hsq logLX 0.17 0.30 0.41
kqc hsq log ρ 0.50 — 0.00
kql hsq log ρ 0.33 — 0.49
respect to the hs2 ones.
8. DISCUSSION AND SUMMARY
The chief reason we investigated the ratios of
X-ray to radio fluxes was the expectation that
there would be substantial differences between com-
ponents commonly thought to be synchrotron X-ray
sources (e.g., FR I knots) and those thought to come
from inverse Compton scattering off the Cosmic Mi-
crowave Background (IC/CMB) (Bergamini et al. 1967;
Tavecchio et al. 2000; Celotti et al. 2001) dominated
emission (e.g., QSR knots). In this section we compare
the observed results with various “expectations” associ-
ated with the two emission processes.
In a sense, the most surprising result is that the ρ dis-
tributions for FR I knots is essentially indistinguishable
from that for QSR knots. If the X-rays from both classes
of objects are dominated by synchrotron emission there
would be no reason for surprise: the observed spread in
ρ would reflect the spread in the ratio of amplitudes of
the electron spectra between the energies responsible for
the X-rays and those responsible for the radio. How-
ever, if the X-ray emission from QSR knots is actually
IC/CMB, we must deduce that the factors contributing
to < ρ > and the width of the ρ distribution conspire to
produce the same results for FR I and QSR knots. In the
synchrotron case these factors are those described above.
In the IC/CMB model, ρ is mainly dependent on three
factors: the ratio of amplitudes of the electron energy
spectra around γ ≈ 102 emitting in the X-rays to those
producing the observed radio emission at GHz frequen-
cies (i.e., γ ≈ 104), the ratio of the bulk Lorentz factor
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Γ over the magnetic field B, as (Γ/B)2, and an addi-
tional broadening of the ρ distribution arising from the
dispersion in the distribution of the angle between the
velocity vector of the jet knot and the line-of-sight in
different sources (Harris et al. 2010). Our expectation
was that these completely different factors would pro-
duce substantially different ρ distributions, however, we
found no significant differences between the QSRs and
FR Is in this respect.
Another difference between the two emission pro-
cesses is the additional bulk Lorentz factor in the
IC/CMB model stemming from the fact that head-
on IC scattering is more probable than over-taking
scattering (i.e., “extra-beaming factor”) (Dermer 1995;
Harris & Krawczynski 2002; Massaro et al. 2009c). Sta-
tistically, this feature should manifest most prominently
when comparing sources with small angles between our
line-of-sight and the jet to those with larger angles. In
our sample, we have both LDQs and CDQs, and it is
commonly believed that the determining factor for this
division is that CDQ have jets closer to the line-of-sight.
Thus we might expect larger ρ values for CDQs than
LDQs. This prediction was not found in our current
data. A possible interpretation of the lack of differences
between knots in CDQs and in LDQs is that the sampling
of Chandra observations (and subsequent x-ray jet detec-
tions compiled in XJET) have tended toward sampling of
the most ‘aligned’ sources (i.e., the most core-dominated)
in general. Future observations of LDQs characterized
with systematically lower radio core-dominance values
than currently probed may make any differences appar-
ent. Alternative explanations include that most jets of
CDQs bend significantly between the inner (pc-scale)
and the outer (kpc-scale).
One of the few real differences in ρ distributions oc-
curs when one compares FR II hotspots to knots (both
in RGs and QSRs). Most FR II hotspots have ρ <
1 whereas most knots have ρ > 1. This effect finds
a reasonable cause in our current understanding of X-
ray emission from hotspots (Hardcastle e al. 2004). The
more powerful radio hotspots are consistent with a syn-
chrotron self-Compton (SSC) model for the dominant X-
ray emission process. As shown in Figure 13, the FR II
hotspots with ρ > 1 all have Lr < 10
42 erg s−1, and
these lower luminosity hotspots are those for which SSC
is thought not to be the dominant X-ray emission process
(Hardcastle e al. 2004) but rather, an additional emis-
sion mechanism (synchrotron or additional IC) may be
responsible for the observed X-rays.
More details about the interpretations of the above
results and the comparison between the theoretical ex-
pectations and the observational evidences will be dis-
cussed in forthcoming papers (Harris et al. 2011) where
these results will be also compared with those on RGs
found by Kataoka & Stawarz (2005). Finally, a possible
statistical test for the IC/CMB process in QSRs will be
described in (Massaro et al. 2011b).
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APPENDIX
In Tables 7, 8, 9, 10, 11, 12 of this appendix we report: the source name together with the component type and the
region size used for the flux measurements, the value of the radio flux densities at given radio frequency, the observed
X-ray fluxes in each band (i.e., soft, medium, hard and total, see Section 3 for more details) and the values of the
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Fig. 17.— a) The distributions of radio luminosities LR of hotspots in RGs and QSRs. b) The normalized cumulative distributions of
radio luminosities for hotspots in RGs and QSRs. c) The distributions of X-ray luminosities LX of hotspots in RGs and QSRs. d) The
normalized cumulative distributions of X-ray luminosities for hotspots in RGs and QSRs. e) The distributions of ρ of hotspots in RGs and
QSRs. f) The normalized cumulative distributions of luminosity ratios for hotspots in RGs and QSRs.
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Fig. 18.— a) The distributions of radio luminosities LR of knots in RGs. b) The normalized cumulative distributions of radio luminosities
for knots in RGs. c) The distributions of X-ray luminosities LX of knots in RGs. d) The normalized cumulative distributions of X-ray
luminosities for knots in RGs. e) The distributions of ρ of knots in RGs. f) The normalized cumulative distributions of luminosity ratios
for knots in RGs.
ratios corrected for the Galactic absorption (see Section 3.3), for each components in every source of our XJET selected
sample. When a dashed line is shown, it implies that the flux is consistent with zero within 1σ error.
All the distributions of the observed parameters to compare their properties are shown in Figures 17, 18, 19 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, and 31.
Finally, we also report the distribution of the X-ray count rate for the different components in Figure 32.
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TABLE 7
Component type region νR Sν(νR) Fsoft Fmed Fhard Ftot ρ
(arcsec) GHz mJy 10−15 cgs 10−15 cgs 10−15 cgs 10−15 cgs
3C6.1
n14.0 hs2 c(1.5x1.5) 8.46 255.2 0.26(0.15) 0.54(0.22) 1.68(0.84) 2.48(0.88) 0.14(0.04)
s12.0 hs2 c(2.0x2.0) 8.46 219.5 0.00(0.00) 0.59(0.24) 0.42(0.88) 1.01(0.91) 0.06(0.05)
3C9
n5.0 kql c(1.0x1.0) 8.44 19.1 0.22(0.16) 0.27(0.21) 0.85(0.72) 1.34(0.76) 0.87(0.48)
s7.3 kql c(1.0x1.0) 8.44 30.5 0.28(0.20) 0.19(0.19) 0.00(0.00) 0.47(0.27) 0.21(0.12)
3C15
n4.0 k1 c(1.2x1.2) 8.46 101.5 1.86(0.38) 1.67(0.46) 4.78(1.48) 8.31(1.60) 1.00(0.19)
3C17
s3.7 k2 e(0.9x0.6) 4.86 29.9 2.92(1.31) 2.39(0.98) 1.67(1.67) 6.98(2.34) 5.07(1.67)
s11.3 k2 c(0.74x0.74) 4.86 85.3 0.40(0.40) 0.00(0.00) 5.92(3.49) 6.32(3.51) 1.54(0.85)
NGC315
n6.3 k1 c(2.0x2.0) 1.43 26.3 2.18(0.68) 4.42(0.59) 3.02(1.07) 9.62(1.40) 28.65(4.15)
n10.5 k1 c(2.0x2.0) 1.43 43.1 3.24(0.49) 3.31(0.47) 4.78(1.31) 11.33(1.47) 20.78(2.53)
n15.3 k1 c(2.0x2.0) 1.43 34.7 2.98(0.45) 3.82(0.49) 4.66(1.18) 11.46(1.35) 25.95(2.89)
3C31
n2.1 k1 c(0.8x0.8) 8.46 2.1 4.16(0.59) 5.08(0.67) 4.58(1.25) 13.82(1.53) 86.50(9.09)
n4.2 k1 r(2.95x1.97) 8.46 18.9 3.47(0.54) 3.97(0.62) 3.04(1.09) 10.48(1.37) 7.48(0.92)
n7.0 k1 c(1.2x1.2) 8.46 10.3 0.50(0.22) 1.39(0.34) 2.74(0.82) 4.63(0.92) 5.60(1.09)
0106+013
s4.4 kqc c(2.0x2.0) 1.40 468.7 7.98(2.01) 10.2(1.96) 24.9(6.28) 43.08(6.88) 6.77(1.06)
3C33
n140.0 hs2 c(3.0x3.0) 4.89 216.1 0.98(0.40) 0.90(0.37) 2.03(2.26) 3.91(2.32) 0.39(0.22)
s112.0 hs2 c(4.0x4.0) 4.89 1076.3 1.11(0.42) 0.36(0.33) 1.35(0.98) 2.82(1.12) 0.06(0.02)
3C47
s39.0 hsq c(2.0x2.0) 4.89 319.0 0.53(0.17) 0.49(0.24) 1.49(0.61) 2.52(0.67) 0.17(0.04)
3C52
n34.0 hs2 c(1.2x1.2) 8.44 475.1 0.97(0.69) 1.34(0.77) 0.00(0.00) 2.31(1.03) 0.10(0.05)
4C+35.03
n3.0 k1 r(4.43x2.46) 4.86 42.4 6.05(1.37) 4.27(1.38) 4.16(3.00) 14.48(3.58) 8.37(1.87)
PKS0208-512
s4.0 kqc c(1.5x1.5) 8.64 33.5 5.10(0.64) 7.25(0.81) 17.90(2.37) 30.25(2.58) 10.70(0.90)
3C61.1
s102.0 hs2 c(4.0x4.0) 4.86 465.7 1.27(0.73) 1.14(0.82) 5.01(2.89) 7.42(3.09) 0.36(0.14)
3C66B
n2.6 k1 c(1.25x1.25) 8.44 29.2 12.70(0.88) 13.20(1.02) 17.40(2.37) 43.30(2.73) 20.74(1.19)
n5.5 k1 c(1.25x1.25) 8.44 16.8 2.26(0.42) 3.83(0.57) 4.23(1.14) 10.32(1.34) 8.36(1.02)
3C83.1
e8.0 k1 c(1.23x1.23) 4.99 6.54 0.03(0.06) 0.32(0.11) 0.51(0.30) 0.86(0.33) 2.90(1.08)
e13.0 k1 c(1.23x1.23) 4.99 5.98 0.11(0.07) 0.07(0.07) 0.24(0.31) 0.43(0.32) 1.90(1.17)
w7.0 k1 c(1.23x1.23) 4.99 2.01 0.14(0.08) 0.14(0.09) 0.53(0.31) 0.81(0.34) 9.96(3.72)
3C105
s166.0 k2 c(1.5x1.5) 8.41 40.0 1.81(0.90) 1.83(0.92) 10.10(4.12) 13.74(4.32) 4.64(1.36)
s169.0 hs2 c(1.5x1.5) 8.41 346.5 0.37(0.37) 0.55(0.55) 4.96(2.87) 5.87(2.94) 0.22(0.10)
PKS0405-123
n18.7 hsq c(1.3x1.3) 4.86 197.7 3.59(1.00) 2.92(1.04) 5.13(2.57) 11.64(2.95) 1.31(0.32)
3C109
n46.4 hs2 c(1.5x1.5) 8.26 37.9 0.00(0.00) 0.06(0.09) 0.93(0.47) 0.99(0.48) 0.32(0.15)
s48.4 hs2 c(1.5x1.5) 8.26 175.8 0.05(0.05) 0.24(0.14) 0.22(0.22) 0.51(0.27) 0.04(0.02)
PKS0413-210
s1.8 kqc c(1.63x1.63) 4.86 375.8 2.23(1.54) 6.99(2.36) 23.70(7.89) 32.92(8.38) 1.83(0.46)
3C111
e9.0 k2 c(1.5x1.5) 1.44 8.6 0.00(0.00) 1.68(1.11) 12.20(5.50) 13.88(5.61) 116.91(45.92)
e15.8 k2 r(5.0x2.5) 1.44 12.9 0.00(0.00) 3.25(1.25) 9.44(4.70) 12.69(4.86) 75.48(27.06)
e29.5 k2 r(4.0x2.5) 1.44 12.9 0.00(0.00) 2.48(1.01) 15.20(4.59) 17.68(4.70) 100.56(25.87)
e43.6 k2 r(4.0x2.5) 1.44 11.0 0.00(0.00) 0.00(0.00) 8.45(3.45) 8.45(3.45) 53.50(21.84)
e60.0 k2 r(6.5x3.0) 1.44 15.2 0.00(0.00) 6.63(1.66) 22.90(6.21) 29.53(6.43) 146.61(30.21)
e98.0 k2 c(2.0x2.0) 1.44 39.6 0.00(0.00) 1.51(0.75) 4.10(2.36) 5.61(2.48) 10.91(4.54)
e121.0 hs2 c(3.0x3.0) 1.44 1771.1 0.51(0.51) 1.67(0.84) 4.20(2.10) 6.38(2.32) 0.34(0.13)
Note: Col. (2) reports the class component accordingly with the definition of Section 2. In Col. (3), where the region size for the flux
measurements is shown, the letters ‘c’, ‘r’, and ‘e’ indicate a circular, a rectangular and an elliptical region, respectively. Col. (10) reports
the value of the ratios as defined in Section 4.
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TABLE 8
Component type region νR Sν(νR) Fsoft Fmed Fhard Ftot ρ
(arcsec) GHz mJy 10−15 cgs 10−15 cgs 10−15 cgs 10−15 cgs
3C120
w4.0 k1 c(0.74x0.74) 4.86 57.1 0.63(0.22) 2.03(0.39) 14.20(2.21) 16.86(2.25) 6.35(0.82)
w25.0 k1 c(2.0x2.0) 4.86 9.1 0.48(0.15) 2.47(0.39) 31.50(2.97) 34.45(3.00) 79.40(6.81)
3C123
e9.0 k2 c(1.5x1.5) 1.49 12593.8 0.82(0.23) 4.76(0.71) 16.20(2.53) 21.78(2.64) 0.12(0.01)
3C129
n2.0 k1 c(0.8x0.8) 7.99 1.4 0.00(0.00) 0.44(0.28) 3.03(1.26) 3.47(1.29) 33.45(11.83)
n5.0 k1 c(0.8x0.8) 7.99 2.3 0.00(0.00) 0.32(0.18) 0.52(1.02) 0.84(1.04) 6.22(5.93)
Pictor A
w250.0 hs2 c(5.0x5.0) 4.87 1709.0 91.8(2.70) 121.0(3.74) 201.00(9.88) 413.80(10.90) 5.21(0.13)
PKS0521-365
w1.9 kbl c(0.8x0.8) 4.86 139.1 21.40(2.65) 27.10(3.67) 27.60(7.76) 76.10(8.98) 12.12(1.37)
e8.6 kbl c(2.0x2.0) 4.86 1526.7 1.36(0.81) 2.07(1.12) 1.12(1.77) 4.55(2.25) 0.07(0.03)
0529+075
w2.8 kqc r(2.0x1.8) 1.40 50.3 1.16(0.67) 3.82(1.21) 12.90(4.60) 17.88(4.80) 29.12(7.27)
PKS0605-085
e2.1 kqc c(0.8x0.8) 4.86 10.4 2.97(1.00) 4.62(1.41) 23.10(6.52) 30.69(6.75) 72.94(14.41)
e4.2 kqc c(0.8x0.8) 4.86 22.3 3.09(1.03) 4.23(1.30) 19.00(5.28) 26.32(5.53) 29.90(5.67)
3C173.1
s31.0 hs2 c(2.5x2.5) 1.48 443.3 0.11(0.11) 0.16(0.16) 1.94(0.97) 2.20(0.99) 0.34(0.15)
3C179
w4.5 kql c(0.8x0.8) 4.87 48.1 0.65(0.46) 1.14(0.66) 0.91(0.91) 2.70(1.21) 1.26(0.55)
w6.5 hsq c(1.2x1.2) 4.87 69.7 1.18(0.59) 2.79(0.99) 3.18(2.29) 7.15(2.56) 2.25(0.77)
B2 0738+313
s31.0 hsq c(2.5x2.5) 4.99 0.83 0.52(0.24) 0.91(0.33) 0.72(0.67) 2.15(0.78) 56.77(19.68)
s36.0 hsq c(2.5x2.5) 4.99 1.21 0.38(0.19) 0.81(0.33) 0.00(0.00) 1.19(0.38) 22.24(7.09)
3C189
e1.3 k1 c(0.5x0.5) 1.66 27.8 3.99(1.33) 5.99(1.63) 11.30(4.39) 21.28(4.87) 49.25(10.86)
0827+243
s2.6 kqc c(0.8x0.8) 4.86 0.24 0.47(0.39) 1.74(0.69) 3.70(2.25) 5.91(2.39) 521.17(206.90)
s4.7 kqc c(0.8x0.8) 4.86 0.54 2.18(0.59) 1.39(0.58) 8.06(2.45) 11.63(2.59) 456.79(99.10)
s5.9 kqc c(0.8x0.8) 4.86 1.98 0.51(0.30) 0.91(0.47) 0.47(3.08) 4.50(1.49) 48.13(15.68)
4C+29.30
n11.3 k1 c(1.5x1.5) 4.87 17.5 2.20(0.84) 0.34(0.34) 0.00(0.00) 2.54(0.91) 3.71(1.33)
s17.7 k1 c(1.5x1.5) 4.87 18.2 2.18(0.82) 2.13(0.87) 10.30(4.21) 14.61(4.38) 17.23(4.99)
3C207
e4.3 kql c(1.0x1.0) 8.46 92.5 2.78(0.44) 4.98(0.68) 14.50(2.43) 22.26(2.56) 2.97(0.33)
e6.3 kql c(1.0x1.0) 8.46 79.0 0.98(0.28) 0.98(0.33) 3.05(1.34) 5.01(1.41) 0.80(0.21)
3C212
n5.0 hsq c(1.0x1.0) 8.46 61.1 0.00(0.00) 0.12(0.28) 0.70(0.70) 0.82(0.75) 0.16(0.15)
s4.7 hsq c(1.0x1.0) 8.46 166.1 0.00(0.00) 0.64(0.45) 0.00(0.00) 0.64(0.45) 0.05(0.03)
PKS0903-573
n2.6 kqc c(1.0x1.0) 8.64 321.1 0.53(0.84) 5.13(2.14) 4.10(4.10) 9.76(4.70) 0.48(0.22)
3C219
s9.3 k2 c(3.0x3.0) 4.56 17.1 0.22(0.25) 0.17(0.44) 3.08(1.74) 3.47(1.81) 4.45(2.32)
s17.6 k2 c(3.0x3.0) 4.56 26.0 0.20(0.26) 0.59(0.41) 5.73(2.87) 6.53(2.91) 5.53(2.46)
PKS0920-397
s2.5 kqc c(1.0x1.0) 8.64 42.0 2.24(0.76) 3.48(1.05) 11.90(3.50) 17.62(3.73) 6.06(1.16)
s4.6 kqc c(1.0x1.0) 8.64 14.8 1.71(0.61) 2.72(0.79) 1.67(1.21) 6.10(1.57) 7.38(1.72)
s8.6 hsq c(1.0x1.0) 8.64 50.1 0.19(0.19) 2.07(0.65) 2.13(1.26) 4.39(1.43) 1.20(0.36)
3C227
w109.0 hs2 c(2.5x2.5) 1.43 261.6 1.77(0.43) 2.36(0.52) 2.85(1.01) 6.98(1.21) 1.94(0.33)
w117.0 hs2 c(3.0x3.0) 1.43 98.3 0.37(0.21) 0.84(0.32) 3.33(1.27) 4.54(1.33) 3.27(0.95)
Q0957+561
e3.5 kql c(0.8x0.8) 4.86 23.4 0.34(0.17) 0.36(0.20) 1.75(0.73) 2.46(0.77) 2.18(0.68)
4C+13.41
s9.0 kql c(2.0x2.0) 8.26 1.6 0.47(0.18) 0.58(0.24) 0.43(0.56) 1.47(0.63) 12.37(5.01)
Note: Col. (2) reports the class component accordingly with the definition of Section 2. In Col. (3), where the region size for the flux
measurements is shown, the letters ‘c’, ‘r’, and ‘e’ indicate a circular, a rectangular and an elliptical region, respectively. Col. (10) reports
the value of the ratios as defined in Section 4.
18 F. Massaro, D. E. Harris, C. C. Cheung
TABLE 9
Component type region νR Sν(νR) Fsoft Fmed Fhard Ftot ρ
(arcsec) GHz mJy 10−15 cgs 10−15 cgs 10−15 cgs 10−15 cgs
1045-188
e3.4 kqc c(1.0x1.0) 1.43 25.3 1.76(0.79) 2.11(0.96) 8.00(3.58) 11.87(3.79) 33.92(10.59)
e5.3 kqc c(1.0x1.0) 1.43 24.4 0.00(0.00) 2.40(0.98) 0.49(1.11) 2.89(1.48) 8.49(4.30)
e7.3 kqc c(1.0x1.0) 1.43 78.3 0.60(0.59) 1.40(0.81) 2.73(2.71) 4.73(2.89) 4.36(2.61)
PKS1046-406
s3.0 kqc r(3.43x1.8) 8.64 20.5 5.19(2.36) 3.24(2.36) 8.24(7.17) 16.67(7.91) 11.11(4.76)
4C+20.24
n4.2 kql c(1.2x1.2) 1.43 10.9 0.14(0.10) 0.35(0.14) 0.93(0.33) 1.42(0.37) 9.27(2.43)
n11.1 kql c(1.2x1.2) 1.43 9.1 0.21(0.08) 0.35(0.10) 0.98(0.36) 1.53(0.38) 11.98(2.97)
n14.7 kql c(1.2x1.2) 1.43 6.3 0.50(0.12) 0.64(0.14) 1.38(0.40) 2.52(0.44) 28.64(4.97)
n18.8 kql c(1.2x1.2) 1.43 21.8 1.02(0.15) 1.53(0.19) 2.91(0.53) 5.46(0.59) 18.00(1.92)
n21.3 hsq c(1.2x1.2) 1.43 936.0 1.85(0.20) 2.09(0.22) 2.72(0.52) 6.66(0.60) 0.52(0.05)
3C254
w11.8 hsq c(0.5x0.5) 4.89 154.7 0.39(0.17) 0.19(0.13) 0.26(0.26) 0.84(0.34) 0.12(0.05)
PKS1127-145
n3.0 kqc c(1.2x1.2) 8.46 1.1 2.41(0.33) 2.64(0.41) 7.28(1.42) 12.33(1.51) 138.58(16.43)
n6.5 kqc c(1.5x1.5) 1.43 2.4 0.87(0.19) 1.32(0.25) 1.82(0.73) 4.01(0.79) 123.08(23.42)
n11.0 kqc r(5.0x2.0) 8.46 1.3 1.12(0.18) 1.51(0.24) 3.49(0.70) 6.12(0.76) 58.77(7.06)
n19.0 kqc r(3.0x2.0) 8.46 7.1 0.65(0.14) 0.58(0.14) 1.16(0.48) 2.39(0.52) 4.22(0.88)
n28.0 kqc c(2.5x2.5) 8.46 13.6 0.31(0.10) 0.36(0.10) 0.66(0.33) 1.33(0.36) 1.22(0.32)
PKS1136-135
w4.9 kql c(1.0x1.0) 4.86 1.4 1.94(0.28) 1.96(0.33) 6.30(1.21) 10.20(1.28) 157.63(19.22)
w7.0 kql c(1.0x1.0) 4.86 37.3 4.69(0.43) 5.96(0.54) 11.50(1.50) 22.15(1.65) 12.85(0.93)
3C263
e16.3 hsq c(1.5x1.5) 4.86 640.7 2.56(0.35) 2.04(0.35) 4.73(1.20) 9.33(1.30) 0.30(0.04)
3C264
n1.8 k1 c(0.5x0.5) 4.95 14.9 2.23(0.76) 0.84(0.81) 2.47(1.82) 5.54(2.13) 7.83(2.93)
3C265
e31.0 hs2 c(1.5x1.5) 4.85 313.5 0.47(0.15) 0.28(0.13) 0.85(0.50) 1.59(0.53) 0.11(0.04)
w47.0 hs2 c(1.2x1.2) 4.85 41.7 0.13(0.07) 0.14(0.08) 0.90(0.52) 1.17(0.53) 0.59(0.26)
4C+49.22
s2.3 kqc r(1.7x1.2) 4.87 29.6 4.12(1.28) 12.80(2.31) 30.70(7.46) 47.62(7.91) 33.62(5.53)
s4.5 kqc r(2.5x1.3) 4.87 24.7 2.21(0.93) 4.18(1.26) 5.33(3.47) 11.72(3.81) 10.04(3.19)
s8.0 hsq r(2.5x1.5) 4.87 47.9 0.80(0.46) 2.20(0.91) 8.32(3.72) 11.32(3.86) 4.92(1.66)
PKS1202-262
n2.2 kqc r(2.5x2.5) 4.86 40.8 8.85(1.07) 15.40(1.48) 52.00(5.37) 76.25(5.67) 41.52(2.95)
n5.5 hsq c(1.5x1.5) 4.86 48.4 11.30(1.02) 17.70(1.34) 46.80(4.36) 75.80(4.67) 35.42(2.06)
3C270
w9.6 k1 c(2.5x2.5) 4.86 4.4 0.00(0.00) 0.09(0.32) 3.33(1.20) 3.42(1.24) 15.85(5.76)
w15.8 k1 c(2.5x2.5) 4.86 7.8 0.84(0.46) 1.46(0.45) 3.42(1.32) 5.72(1.47) 15.49(3.95)
PG1222-216
e2.6 kqc c(0.8x0.8) 4.86 13.8 0.91(0.42) 1.15(0.52) 1.54(2.13) 3.60(2.23) 5.59(3.35)
e4.7 kqc c(0.8x0.8) 4.86 4.3 0.62(0.31) 0.00(0.00) 0.41(0.92) 1.02(0.97) 5.33(4.76)
n1.0 kqc c(0.5x0.5) 4.86 60.5 11.10(1.93) 17.30(2.56) 27.80(8.70) 56.20(9.27) 19.74(3.17)
n1.8 kqc c(0.5x0.5) 4.86 47.8 7.09(1.09) 8.15(1.29) 14.40(3.26) 29.64(3.67) 13.23(1.60)
M84
n2.7 k1 c(0.5x0.5) 4.89 3.0 0.39(0.35) 0.04(0.23) 1.04(0.61) 1.47(0.74) 10.40(5.21)
n3.5 k1 c(0.5x0.5) 4.89 10.1 0.33(0.32) 0.47(0.22) 0.49(0.46) 1.29(0.60) 2.76(1.29)
n5.6 k1 c(0.5x0.5) 4.89 11.5 0.35(0.23) 0.00(0.00) 0.47(0.33) 0.81(0.40) 1.56(0.76)
3C273
s12.9 kqc c(1.0x1.0) 1.5 50.3 54.70(2.15) 78.10(2.66) 125.00(6.74) 257.80(7.56) 352.07(10.15)
s15.0 kqc c(1.0x1.0) 1.5 94.2 41.40(1.85) 41.30(1.94) 77.70(5.21) 160.40(5.86) 117.34(4.20)
s16.8 kqc c(0.8x0.8) 1.5 95.3 8.78(0.84) 7.96(0.88) 17.60(2.46) 34.34(2.74) 24.79(1.94)
s18.9 kqc c(0.8x0.8) 1.5 242.9 9.33(0.87) 11.30(1.01) 21.30(2.77) 41.93(3.07) 11.85(0.85)
s20.4 kqc c(0.8x0.8) 1.5 536.1 8.85(0.85) 11.00(1.01) 11.70(1.96) 31.55(2.36) 4.07(0.30)
PKS1030-357
s3.5 kqc c(1.5x1.5) 8.64 16.7 0.59(0.30) 1.87(0.50) 2.27(1.16) 4.73(1.30) 3.54(0.93)
s6.6 kqc c(1.5x1.5) 8.64 6.8 0.46(0.32) 1.44(0.44) 1.37(0.81) 3.27(0.97) 6.08(1.76)
s13.3 kqc c(2.0x2.0) 8.64 29.7 5.01(0.82) 6.74(0.89) 13.60(2.38) 25.35(2.67) 10.8(1.09)
s13.5 kqc c(2.0x2.0) 8.64 14.8 2.09(0.57) 4.12(0.70) 7.10(1.73) 13.30(1.95) 11.30(1.60)
Note: Col. (2) reports the class component accordingly with the definition of Section 2. In Col. (3), where the region size for the flux
measurements is shown, the letters ‘c’, ‘r’, and ‘e’ indicate a circular, a rectangular and an elliptical region, respectively. Col. (10) reports
the value of the ratios as defined in Section 4.
Large Scale Extragalactic Jets in the Chandra era I 19
TABLE 10
Component type region νR Sν(νR) Fsoft Fmed Fhard Ftot ρ
(arcsec) GHz mJy 10−15 cgs 10−15 cgs 10−15 cgs 10−15 cgs
PKS1030-357
s3.5 kqc c(1.5x1.5) 8.64 16.7 0.59(0.30) 1.87(0.50) 2.27(1.16) 4.73(1.30) 3.54(0.93)
s6.6 kqc c(1.5x1.5) 8.64 6.8 0.46(0.32) 1.44(0.44) 1.37(0.81) 3.27(0.97) 6.08(1.76)
s13.3 kqc c(2.0x2.0) 8.64 29.7 5.01(0.82) 6.74(0.89) 13.60(2.38) 25.35(2.67) 10.8(1.09)
s13.5 kqc c(2.0x2.0) 8.64 14.8 2.09(0.57) 4.12(0.70) 7.10(1.73) 13.30(1.95) 11.30(1.60)
M87
w0.9 k1 r(2.46x1.23) 4.89 211.8 37.20(1.09) 120.00(2.17) 562.00(8.65) 719.20(8.98) 70.06(0.87)
w2.7 k1 r(2.46x1.23) 4.89 220.6 66.90(1.38) 90.30(1.81) 112.00(3.86) 269.20(4.48) 25.80(0.42)
w3.9 k1 r(1.72x1.18) 4.89 151.2 20.50(0.79) 24.50(1.09) 25.90(2.09) 70.90(2.49) 9.96(0.34)
w6.0 k1 r(2.31x1.23) 4.89 239.5 39.20(1.08) 40.20(1.33) 31.70(2.19) 111.10(2.78) 9.92(0.24)
w8.5 k1 r(1.72x1.23) 4.89 288.3 25.20(0.84) 18.60(0.92) 11.20(1.36) 55.00(1.85) 4.12(0.13)
w9.9 k1 r(0.98x1.23) 4.89 130.1 3.44(0.378) 3.56(0.54) 2.42(0.68) 9.42(0.95) 1.55(0.15)
w10.9 k1 r(0.98x1.23) 4.89 202.5 9.07(0.54) 8.47(0.69) 7.41(1.13) 24.95(1.43) 2.64(0.15)
w12.5 k1 r(2.12x2.12) 4.89 1837.5 173.00(2.10) 180.00(2.48) 189.00(4.87) 542.00(5.85) 6.28(0.07)
w14.4 k1 r(1.72x1.48) 4.89 1093.2 33.40(0.97) 33.40(1.18) 25.70(1.92) 92.50(2.45) 1.81(0.05)
w17.6 k1 r(1.72x1.23) 4.89 850.3 7.63(0.50) 9.18(0.74) 4.17(0.96) 20.98(1.31) 0.53(0.03)
w20.2 k1 e(0.69x0.84) 4.89 240.0 3.35(0.37) 5.22(0.63) 7.73(1.16) 16.30(1.37) 1.43(0.12)
w26.1 k1 e(0.69x0.84) 4.89 166.7 2.01(0.30) 4.12(0.58) 14.20(1.49) 20.33(1.63) 2.53(0.20)
PKS1229-027
w2.0 kqc c(0.8x0.8) 4.75 113.9 3.15(0.85) 5.12(1.18) 9.45(3.49) 17.72(3.78) 3.37(0.70)
3C275.1
n3.5 kql c(1.2x1.2) 8.44 1.4 0.91(0.37) 0.55(0.28) 2.50(1.27) 3.96(1.35) 34.89(11.71)
n9.5 hsq c(1.2x1.2) 8.44 155.68 2.31(0.49) 2.54(0.59) 6.29(1.76) 11.14(1.92) 0.87(0.15)
3C280
e5.0 hs2 c(1.5x1.5) 4.89 339.1 0.40(0.13) 0.41(0.17) 1.17(0.60) 1.98(0.63) 0.12(0.04)
w6.0 k2 c(1.0x1.0) 4.89 46.2 0.04(0.08) 0.10(0.09) 0.74(0.43) 0.88(0.45) 0.39(0.20)
w8.0 hs2 c(1.0x1.0) 4.89 1089.8 0.96(0.19) 0.89(0.23) 1.15(0.59) 3.00(0.66) 0.06(0.01)
1317-520
e10.0 kqc c(1.5x1.5) 1.50 41.9 4.49(0.81) 3.23(0.77) 7.86(2.54) 15.58(2.77) 25.46(4.45)
3C281
n13.5 kql c(1.5x1.5) 4.86 18.8 0.52(0.30) 0.00(0.00) 1.60(1.13) 2.12(1.17) 2.32(1.28)
n16.5 hsq c(1.5x1.5) 4.86 79.0 0.12(0.12) 0.28(0.28) 0.00(0.00) 0.40(0.31) 0.11(0.09)
Centaurus A
e15.0 k1 c(2.5x2.5) 4.80 315.7 20.40(1.40) 80.10(1.99) 188.00(6.11) 288.50(6.58) 20.30(0.45)
e29.0 k1 c(2.5x2.5) 4.80 262.4 3.24(0.63) 11.30(0.77) 31.80(2.67) 46.34(2.85) 3.91(0.24)
4C+65.15
s4.5 kql c(0.8x0.8) 8.46 24.4 0.17(0.12) 0.81(0.29) 0.99(0.57) 1.97(0.65) 0.97(0.32)
w5.0 kql c(0.8x0.8) 8.46 9.8 0.10(0.10) 0.37(0.19) 0.00(0.00) 0.47(0.21) 0.59(0.26)
3C287.1
w65.0 hs2 c(5.0x5.0) 4.86 91.3 1.85(0.92) 1.37(0.97) 4.62(3.27) 7.84(3.53) 1.82(0.80)
Centaurus B
w3.4 k1 c(1.0x1.0) 8.64 46.2 0.71(0.71) 0.25(0.56) 7.90(4.56) 8.86(4.65) 14.32(12.22)
w5.7 k1 c(1.0x1.0) 8.64 52.1 0.75(0.75) 5.94(2.10) 8.68(6.21) 15.4(6.60) 17.09(11.52)
4C+19.44
n16.0 hsq r(2.46x1.72) 4.86 55.4 0.15(0.09) 0.23(0.12) 0.49(0.43) 0.87(0.45) 0.33(0.17)
s4.0 kqc r(1.54x1.72) 4.86 17.5 0.48(0.20) 0.91(0.30) 1.06(0.89) 2.45(0.96) 3.01(1.15)
s5.3 kqc r(1.08x1.72) 4.86 7.1 0.04(0.10) 0.29(0.16) 0.00(0.00) 0.33(0.19) 1.02(0.58)
s6.6 kqc r(1.52x1.48) 4.86 10.8 0.58(0.19) 0.73(0.20) 1.57(0.57) 2.88(0.63) 5.67(1.22)
s8.3 kqc r(1.87x1.72) 4.86 19.1 0.77(0.20) 0.76(0.22) 1.19(0.58) 2.72(0.65) 3.07(0.71)
s10.0 kqc r(1.38x1.72) 4.86 6.2 0.29(0.13) 0.58(0.19) 1.26(0.52) 2.13(0.57) 7.24(1.90)
s11.2 kqc r(1.23x1.72) 4.86 5.4 0.13(0.07) 0.20(0.10) 0.53(0.38) 0.86(0.40) 3.38(1.53)
s12.9 kqc r(1.87x1.72) 4.86 9.9 0.37(0.16) 1.22(0.25) 1.71(0.66) 3.30(0.72) 7.02(1.51)
s14.6 kqc r(1.48x1.72) 4.86 9.3 0.59(0.17) 0.77(0.19) 1.19(0.50) 2.55(0.56) 5.92(1.26)
s15.9 kqc r(1.23x1.72) 4.86 2.8 0.72(0.19) 0.95(0.23) 0.82(0.45) 2.49(0.54) 19.36(4.07)
s17.7 kqc r(2.46x1.72) 4.86 2.5 1.45(0.27) 1.04(0.25) 2.67(0.78) 5.16(0.86) 44.78(7.27)
s25.7 kqc c(1.33x1.33) 4.86 3.1 0.49(0.15) 0.25(0.11) 1.82(0.76) 2.56(0.78) 17.02(5.06)
s28.0 hsq c(1.72x1.72) 4.86 86.1 1.53(0.28) 2.15(0.33) 4.58(1.03) 8.26(1.12) 2.04(0.27)
3C294
s9.0 hs2 c(1.0x1.0) 4.82 41.9 0.19(0.07) 0.29(0.09) 0.20(0.20) 0.68(0.23) 0.35(0.11)
n6.0 hs2 c(1.0x1.0) 4.82 170.5 0.11(0.06) 0.14(0.08) 0.43(0.30) 0.68(0.32) 0.08(0.04)
Note: Col. (2) reports the class component accordingly with the definition of Section 2. In Col. (3), where the region size for the flux
measurements is shown, the letters ‘c’, ‘r’, and ‘e’ indicate a circular, a rectangular and an elliptical region, respectively. Col. (10) reports
the value of the ratios as defined in Section 4.
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TABLE 11
Component type region νR Sν(νR) Fsoft Fmed Fhard Ftot ρ
(arcsec) GHz mJy 10−15 cgs 10−15 cgs 10−15 cgs 10−15 cgs
3C295
n1.9 hs2 c(0.5x0.5) 4.99 2233.4 1.90(0.54) 2.29(0.43) 4.30(1.03) 8.49(1.24) 0.08(0.01)
s2.5 hs2 c(0.5x0.5) 4.99 1987.1 0.90(0.34) 1.55(0.34) 1.98(0.81) 4.43(0.94) 0.05(0.01)
3C296
n3.2 k1 c(1.0x1.0) 8.44 2.1 0.24(0.39) 0.87(0.32) 1.21(0.93) 2.32(1.06) 13.28(6.02)
n6.0 k1 c(1.0x1.0) 8.44 4.7 0.18(0.17) 0.78(0.24) 2.58(0.13) 0.97(0.32) 2.56(0.85)
PKS1421-490
n5.9 hsq c(1.0x1.0) 8.64 3088.8 7.66(0.83) 16.10(1.10) 57.70(4.07) 81.46(4.30) 0.36(0.02)
3C303
e17.0 k1 c(2.0x2.0) 1.45 5.8 5.53(0.16) 0.45(0.42) 1.05(1.05) 1.50(1.14) 17.79(13.54)
w2.8 k1 c(1.25x1.25) 1.45 24.1 0.95(0.67) 0.00(0.00) 0.00(0.00) 0.95(0.67) 2.98(2.11)
w5.6 k1 c(1.25x1.25) 1.45 22.0 1.14(0.47) 0.73(0.36) 3.52(2.07) 5.39(2.15) 17.26(6.78)
w8.8 k1 c(1.25x1.25) 1.45 17.7 1.58(0.56) 0.95(0.48) 0.00(0.00) 2.53(0.74) 10.54(3.07)
w17.0 k1 c(2.0x2.0) 1.45 745.0 4.25(0.87) 5.90(1.19) 16.60(3.82) 26.75(4.09) 2.53(0.38)
1508+572
w2.6 kqc c(1.2x1.2) 1.43 1.3 1.36(0.21) 1.62(0.27) 2.87(0.75) 5.85(0.83) 331.72(45.86)
PKS1510-089
s2.4 kqc r(1.7x1.0) 4.86 11.5 5.10(1.47) 10.20(2.12) 19.40(7.85) 34.70(8.26) 67.99(15.18)
s5.0 kqc r(2.0x1.7) 4.86 17.0 3.29(1.07) 6.33(1.61) 11.60(5.16) 21.23(5.51) 28.11(6.85)
3C321
n147.0 hs2 c(2.0x2.0) 1.51 74.0 0.27(0.14) 0.12(0.12) 0.89(0.52) 1.28(0.55) 1.21(0.50)
s137.0 hs2 c(3.0x3.0) 1.51 489.6 0.42(0.17) 0.33(0.19) 1.88(0.86) 2.64(0.90) 0.38(0.12)
3C327
e99.0 hs2 c(5.0x5.0) 8.47 136.3 0.58(0.24) 0.77(0.30) 7.72(1.86) 9.07(1.90) 0.81(0.17)
4C+00.58
e3.0 k1 c(1.2x1.2) 4.86 43.8 1.21(0.23) 1.28(0.25) 3.44(0.68) 5.93(0.76) 3.10(0.38)
3C330
e30.0 hs2 c(2.5x2.5) 8.45 703.7 0.29(0.13) 0.81(0.24) 1.08(0.55) 2.17(0.62) 0.04(0.01)
w32.0 hs2 c(2.5x2.5) 8.45 189.0 0.09(0.06) 0.27(0.13) 0.00(0.00) 0.35(0.15) 0.02(0.01)
NGC6251
w6.0 k1 c(1.48x1.48) 1.49 6.5 1.26(0.46) 1.13(0.39) 2.93(1.32) 5.32(1.45) 60.04(15.59)
w9.0 k1 c(1.48x1.48) 1.49 3.4 1.18(0.32) 0.79(0.32) 2.88(1.11) 4.85(1.20) 104.92(24.45)
w15.5 k1 c(1.48x1.48) 1.49 6.5 1.98(0.37) 1.74(0.36) 2.74(0.88) 6.46(1.02) 75.42(11.23)
w20.0 k1 c(1.48x1.48) 1.49 9.3 0.85(0.25) 0.93(0.27) 3.15(1.01) 4.93(1.07) 38.35(8.00)
w23.0 k1 c(1.48x1.48) 1.49 10.9 0.66(0.24) 0.78(0.24) 1.38(0.71) 2.82(0.78) 19.09(5.01)
1642+690
s2.9 kqc c(0.9x0.9) 4.86 48.2 2.00(0.83) 2.84(1.30) 16.60(6.42) 21.44(6.60) 9.51(2.84)
3C345
n2.8 kqc c(1.0x1.0) 4.86 241.8 5.80(1.47) 0.31(1.60) 18.70(6.66) 24.81(7.01) 2.15(0.60)
3C346
e2.0 k1 c(0.8x0.8) 1.53 538.4 1.39(0.35) 1.07(0.33) 3.37(1.19) 5.83(1.28) 0.77(0.16)
3C349
s38.0 hs2 c(2.0x2.0) 1.5 112.4 0.42(0.42) 0.70(0.50) 1.53(1.53) 2.65(1.66) 1.61(0.99)
s43.0 hs2 c(2.0x2.0) 1.5 911.1 0.32(0.32) 1.63(0.81) 1.01(1.01) 2.96(1.34) 0.22(0.10)
3C351
n25.0 hsq c(2.0x2.0) 1.42 548.2 5.84(0.55) 7.23(0.68) 12.50(1.82) 25.57(2.02) 3.39(0.26)
n27.0 hsq c(2.0x2.0) 1.42 1245.4 4.97(0.50) 6.13(0.62) 8.45(1.59) 19.55(1.78) 1.15(0.10)
3C353
e21.0 k2 c(1.2x1.2) 8.44 2.0 0.04(0.06) 0.21(0.11) 0.81(0.57) 1.06(0.58) 6.66(3.53)
e23.0 k2 c(1.2x1.2) 8.44 5.5 0.24(0.12) 0.95(0.22) 1.29(0.53) 2.48(0.59) 5.97(1.34)
e70.0 k2 c(1.5x1.5) 8.44 7.9 0.00(0.00) 0.00(0.00) 1.57(0.73) 1.57(0.73) 2.35(1.10)
e73.0 k2 c(1.5x1.5) 8.44 16.9 0.17(0.10) 0.10(0.07) 0.30(0.34) 0.57(0.36) 0.49(0.27)
e88.0 k2 c(1.5x1.5) 8.44 15.3 0.20(0.11) 0.67(0.20) 1.51(0.65) 2.38(0.69) 2.01(0.55)
w47.0 k2 c(2.0x2.0) 8.44 17.1 0.27(0.12) 0.61(0.19) 2.48(0.77) 3.37(0.80) 2.51(0.57)
4C+62.29
s1.4 kql c(0.5x0.5) 4.86 14.4 6.43(1.16) 9.26(1.51) 20.6(4.38) 36.29(4.78) 54.37(6.96)
s2.4 kql c(0.5x0.5) 4.86 36.1 2.09(0.66) 3.42(0.92) 4.22(2.11) 9.73(2.39) 5.86(1.39)
1800+440
w3.2 kqc c(1.3x1.3) 1.51 39.4 5.67(1.67) 9.29(1.93) 14.70(5.32) 29.66(5.90) 52.09(10.11)
Note: Col. (2) reports the class component accordingly with the definition of Section 2. In Col. (3), where the region size for the flux
measurements is shown, the letters ‘c’, ‘r’, and ‘e’ indicate a circular, a rectangular and an elliptical region, respectively. Col. (10) reports
the value of the ratios as defined in Section 4.
Large Scale Extragalactic Jets in the Chandra era I 21
TABLE 12
Component type region νR Sν(νR) Fsoft Fmed Fhard Ftot ρ
(arcsec) GHz mJy 10−15 cgs 10−15 cgs 10−15 cgs 10−15 cgs
3C371
w1.7 kbl c(0.7x0.7) 4.86 41.5 25.20(1.65) 29.80(2.10) 34.70(5.87) 89.70(6.45) 48.52(3.28)
w3.1 kbl c(1.0x1.0) 4.86 98.8 16.30(1.14) 16.80(1.29) 24.20(3.08) 57.30(3.53) 12.99(0.76)
3C380
n1.2 kqc c(0.6x0.6) 1.66 2821.6 36.80(6.03) 52.60(7.90) 84.00(23.00) 173.40(25.06) 4.08(0.55)
3C390.3
n103.0 k2 c(2.5x2.5) 1.45 209.8 4.55(0.54) 7.94(0.88) 14.80(2.65) 27.29(2.84) 9.42(0.95)
s87.0 hs2 c(5.0x5.0) 1.45 2786.9 1.42(0.34) 2.86(0.57) 5.49(2.14) 9.77(2.24) 0.25(0.06)
1849+670
n5.0 kqc c(1.81.8) 1.40 4.6 1.67(0.75) 1.52(0.89) 0.00(0.00) 3.19(1.16) 58.88(21.07)
4C73.18
s2.6 kqc c(1.0x1.0) 1.43 30.1 4.79(1.53) 8.53(2.32) 0.73(4.45) 14.05(5.25) 39.60(12.97)
3C403
e28.0 k2 c(2.0x2.0) 8.47 44.0 1.34(0.30) 2.58(0.43) 4.73(1.20) 8.65(1.31) 2.78(0.38)
e48.0 hs2 c(1.23x1.23) 8.47 13.2 0.40(0.16) 0.60(0.23) 0.84(0.60) 1.83(0.67) 2.08(0.66)
e51.0 hs2 c(1.23x1.23) 8.47 31.0 1.07(0.28) 0.72(0.23) 1.39(0.62) 3.18(0.72) 1.65(0.33)
Cygnus A
e53.2 hs2 c(1.23x1.23) 4.53 3078.0 0.00(0.00) 0.87(0.54) 3.37(1.91) 4.24(1.98) 0.033(0.01)
e57.7 hs2 c(2.5x2.5) 4.53 59741.4 10.8(0.95) 42.70(2.21) 105.00(6.92) 158.50(7.33) 0.076(0.003)
w63.3 hs2 c(1.48x1.48) 4.53 9109.6 1.28(0.30) 5.43(0.90) 14.90(2.96) 21.61(3.12) 0.067(0.009)
w67.0 hs2 c(2.5x2.5) 4.53 45903.4 8.37(0.82) 27.50(1.76) 76.70(5.79) 112.57(6.11) 0.071(0.003)
2007+777
w5.0 kbl c(1.2x1.2) 1.49 2.5 0.30(0.30) 0.74(0.33) 3.86(1.39) 4.90(1.46) 137.67(40.46)
w8.5 kbl c(1.2x1.2) 1.49 3.0 1.04(0.32) 1.11(0.38) 5.25(1.42) 7.40(1.50) 180.90(34.86)
w11.6 kbl c(1.2x1.2) 1.49 1.9 0.33(0.20) 0.71(0.29) 1.92(0.98) 2.96(1.03) 114.95(38.02)
PKS2101-490
e5.0 kqc c(1.2x1.2) 8.64 5.6 0.39(0.23) 0.67(0.26) 2.33(0.97) 3.39(1.03) 7.25(2.16)
e8.0 kqc c(1.2x1.2) 8.64 6.3 0.97(0.33) 0.99(0.28) 1.84(0.75) 3.80(0.87) 7.37(1.64)
e12.0 hsq c(2.0x2.0) 8.64 46.3 1.26(0.39) 1.80(0.41) 1.86(0.92) 4.92(1.07) 1.30(0.28)
PKS2153-69
s26.0 hs2 c(2.5x2.5) 8.64 338.2 2.58(0.73) 3.02(0.88) 1.34(1.34) 6.94(1.76) 0.26(0.06)
n10.3 k2 c(1.0x1.0) 8.64 8.3 0.93(0.42) 2.13(0.75) 1.27(0.90) 4.33(1.25) 6.39(1.80)
n47.0 hs2 c(2.5x2.5) 8.64 89.3 1.04(0.47) 2.10(0.76) 2.32(1.64) 5.46(1.87) 0.74(0.25)
2155-152
s3.5 kqc c(1.2x1.2) 1.40 92.1 1.16(0.82) 1.46(1.04) 3.30(2.84) 5.92(3.13) 4.81(2.47)
PKS2201+044
n2.2 kqc c(0.9x0.9) 8.46 15.1 11.90(0.94) 14.20(1.15) 20.60(2.76) 46.70(3.13) 39.44(2.53)
2209+080
s4.4 kqc c(1.5x1.5) 4.86 64.1 1.53(0.55) 1.70(0.65) 4.00(1.83) 7.23(2.02) 2.53(0.67)
2216-038
s8.0 kqc c(2.0x2.0) 1.40 105.9 0.79(0.57) 2.39(0.99) 7.51(3.82) 10.69(3.99) 7.49(2.72)
s12.4 kqc c(2.0x2.0) 1.40 39.7 0.00(0.00) 1.50(0.75) 9.67(4.32) 11.17(4.38) 20.3(7.91)
3C445
s275.0 hs2 c(9.0x9.0) 1.43 564.7 4.69(0.60) 5.36(0.70) 10.30(2.26) 20.35(2.44) 2.70(0.31)
3C452
w130.0 hs2 c(3.0x3.0) 8.47 54.0 0.33(0.13) 0.53(0.16) 0.16(0.35) 1.02(0.41) 0.29(0.10)
3C454.3
n2.3 kqc c(0.8x0.8) 8.46 19.0 5.95(1.25) 7.72(1.55) 10.30(3.98) 23.97(4.45) 16.93(2.91)
w5.4 kqc c(1.2x1.2) 8.46 138.3 6.94(1.18) 10.60(1.43) 28.60(4.86) 46.14(5.20) 4.28(0.46)
3C465
n5.5 k1 c(1.5x1.5) 8.47 5.2 1.76(0.44) 0.75(0.31) 2.07(0.85) 4.58(1.01) 11.79(2.48)
n14.6 k1 c(1.5x1.5) 8.47 2.2 0.17(0.16) 0.20(0.18) 0.24(0.48) 0.61(0.53) 3.62(2.98)
Note: Col. (2) reports the class component accordingly with the definition of Section 2. In Col. (3), where the region size for the flux
measurements is shown, the letters ‘c’, ‘r’, and ‘e’ indicate a circular, a rectangular and an elliptical region, respectively. Col. (10) reports
the value of the ratios as defined in Section 4.
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Fig. 19.— a) The distributions of radio luminosities LR of knots in QSRs. b) The normalized cumulative distributions of radio luminosities
for knots in QSRs. c) The distributions of X-ray luminosities LX of knots in QSRs. d) The normalized cumulative distributions of X-ray
luminosities for knots in QSRs. e) The distributions of ρ of knots in QSRs. f) The normalized cumulative distributions of luminosity ratios
for knots in QSRs.
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Fig. 20.— a) The distributions of radio luminosities LR of knots in FR Is and CDQs. b) The normalized cumulative distributions of radio
luminosities for knots in FR Is and CDQs. c) The distributions of X-ray luminosities LX of knots in FR Is and CDQs. d) The normalized
cumulative distributions of X-ray luminosities for knots in FR Is and CDQs. e) The distributions of ρ of knots in FR Is and CDQs. f) The
normalized cumulative distributions of luminosity ratios for knots in FR Is and CDQs.
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Fig. 21.— a) The distributions of radio luminosities LR of knots in FR Is and LDQs. b) The normalized cumulative distributions of radio
luminosities for knots in FR Is and LDQs. c) The distributions of X-ray luminosities LX of knots in FR Is and LDQs. d) The normalized
cumulative distributions of X-ray luminosities for knots in FR Is and LDQs. e) The distributions of ρ of knots in FR Is and LDQs. f) The
normalized cumulative distributions of luminosity ratios for knots in FR Is and LDQs.
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Fig. 22.— a) The distributions of radio luminosities LR of knots in FR IIs and CDQs. b) The normalized cumulative distributions of
radio luminosities for knots in FR IIs and CDQs. c) The distributions of X-ray luminosities LX of knots in FR IIs and CDQs. d) The
normalized cumulative distributions of X-ray luminosities for knots in FR IIs and CDQs. e) The distributions of ρ of knots in FR Is and
CDQs. f) The normalized cumulative distributions of luminosity ratios for knots in FR IIs and CDQs.
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Fig. 23.— a) The distributions of radio luminosities LR of knots in FR IIs and LDQs. b) The normalized cumulative distributions of
radio luminosities for knots in FR IIs and LDQs. c) The distributions of X-ray luminosities LX of knots in FR IIs and LDQs. d) The
normalized cumulative distributions of X-ray luminosities for knots in FR IIs and LDQs. e) The distributions of ρ of knots in FR IIs and
LDQs. f) The normalized cumulative distributions of luminosity ratios for knots in FR IIs and LDQs.
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Fig. 24.— a) The distributions of radio luminosities LR of hotspots and knots in FR IIs and FR Is. b) The normalized cumulative
distributions of radio luminosities for hotspots and knots in FR IIs and FR Is. c) The distributions of X-ray luminosities LX of hotspots
and knots in FR IIs and FR Is. d) The normalized cumulative distributions of X-ray luminosities for hotspots and knots in FR IIs and
FR Is. e) The distributions of ρ of hotspots and knots in FR IIs and FR Is. f) The normalized cumulative distributions of luminosity ratios
for hotspots and knots in FR IIs and FR Is.
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Fig. 25.— a) The distributions of radio luminosities LR of hotspots and knots in FR IIs. b) The normalized cumulative distributions
of radio luminosities for hotspots and knots in FR IIs. c) The distributions of X-ray luminosities LX of hotspots and knots in FR IIs. d)
The normalized cumulative distributions of X-ray luminosities for hotspots and knots in FR IIs. e) The distributions of ρ of hotspots and
knots in FR IIs. f) The normalized cumulative distributions of luminosity ratios for hotspots and knots in FR IIs. (Note the different color
convention adopted for this figure).
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Fig. 26.— a) The distributions of radio luminosities LR of hotspots and knots in FR IIs and CDQs. b) The normalized cumulative
distributions of radio luminosities for hotspots and knots in FR IIs and CDQs. c) The distributions of X-ray luminosities LX of hotspots
and knots in FR IIs and CDQs. d) The normalized cumulative distributions of X-ray luminosities for hotspots and knots in FR IIs and
CDQs. e) The distributions of ρ of hotspots and knots in FR IIs and CDQs. f) The normalized cumulative distributions of luminosity
ratios for hotspots and knots in FR IIs and CDQs.
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Fig. 27.— a) The distributions of radio luminosities LR of hotspots and knots in FR IIs and LDQs. b) The normalized cumulative
distributions of radio luminosities for hotspots and knots in FR IIs and LDQs. c) The distributions of X-ray luminosities LX of hotspots
and knots in FR IIs and LDQs. d) The normalized cumulative distributions of X-ray luminosities for hotspots and knots in FR IIs and
LDQs. e) The distributions of ρ of hotspots and knots in FR IIs and LDQs. f) The normalized cumulative distributions of luminosity ratios
for hotspots and knots in FR IIs and LDQs.
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Fig. 28.— a) The distributions of radio luminosities LR of hotspots and knots in LDQs and FR Is. b) The normalized cumulative
distributions of radio luminosities for hotspots and knots in LDQs and FR Is. c) The distributions of X-ray luminosities LX of hotspots and
knots in LDQs and FR Is. d) The normalized cumulative distributions of X-ray luminosities for hotspots and knots in LDQs and FR Is.
e) The distributions of ρ of hotspots and knots in LDQs and FR Is. f) The normalized cumulative distributions of luminosity ratios for
hotspots and knots in LDQs and FR Is.
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Fig. 29.— a) The distributions of radio luminosities LR of hotspots and knots in LDQs and FR IIs. b) The normalized cumulative
distributions of radio luminosities for hotspots and knots in LDQs and FR IIs. c) The distributions of X-ray luminosities LX of hotspots
and knots in LDQs and FR IIs. d) The normalized cumulative distributions of X-ray luminosities for hotspots and knots in LDQs and
FR IIs. e) The distributions of ρ of hotspots and knots in LDQs and FR IIs. f) The normalized cumulative distributions of luminosity
ratios for hotspots and knots in LDQs and FR IIs.
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Fig. 30.— a) The distributions of radio luminosities LR of hotspots and knots in LDQs and CDQs. b) The normalized cumulative
distributions of radio luminosities for hotspots and knots in LDQs and CDQs. c) The distributions of X-ray luminosities LX of hotspots
and knots in LDQs and CDQs. d) The normalized cumulative distributions of X-ray luminosities for hotspots and knots in LDQs and
CDQs. e) The distributions of ρ of hotspots and knots in LDQs and CDQs. f) The normalized cumulative distributions of luminosity ratios
for hotspots and knots in LDQs and CDQs.
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Fig. 31.— a) The distributions of radio luminosities LR of hotspots and knots in LDQs. b) The normalized cumulative distributions
of radio luminosities for hotspots and knots in LDQs. c) The distributions of X-ray luminosities LX of hotspots and knots in LDQs. d)
The normalized cumulative distributions of X-ray luminosities for hotspots and knots in LDQs. e) The distributions of ρ of hotspots and
knots in LDQs. f) The normalized cumulative distributions of luminosity ratios for hotspots and knots in LDQs. (Note the different color
convention adopted for this figure).
-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0
log (cts/s)
0
3
6
9
N u
m
b e
r FR II hs
X-ray count rate distributions
-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0
log (cts/s)
0
3
6
N u
m
b e
r
QSR hs
-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5
log (cts/s)
0
3
6
9
12
15
N u
m
b e
r FR I ksFR II ks
X-ray count rate distributions
-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0
log (cts/s)
0
3
6
9
12
15
N u
m
b e
r
CDQ ks
LDQ ks
Fig. 32.— The X-ray count rate distribution of hotspots (upper panel) and knots (lower panel).
